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'lbti: taajor:J.tt of .raP.ct..iona that aJ;"e olf c:hem1oal or biological 

lnterest. coeur in ooluti.on., .It w.na prev.iouely btal.Jeved thet solven~ 

n~Jrely :prcvi.OOS an .inert ~..l.ium i.or chemt<lal. read;i.cns. The sign.t­

.f!cence of :-¥olut~olvent. .inter.aoti.ooo 't'J~S J:E!talaw m~y recent:l1 

as a result Qf e~ive ~t,uaJ.as in a:~ueous,· I.ltXl....aq:ucous and 

. 1-lG 
mi:<ed solvent-a • 

tt~et.er is the ~!105t. sburdont. aolvau~ in natuze. l:n v.tew of 

lt~ ~r~ j;npoL"t..ance to che;~E:it.t:.r(., bioloai" ~riculture0- geology-~ 

et:C•o watel." has been extensi-vely us~ in kint;t.i<: and equilibrium 

studies. !ns1>ite of such elCt.E';ns.ive st.ud.ies• -~- k~;lcdge of mola­

culer .L"lteraotil.:ns in t.-tat.er 1~ enre~ly l.imited• :t~ov(U."9 thta 

unique mae of -wate:: sa sol vent. has been quest.ionea
11

•
1

-a in rseent. 

yeal!':l ani it. has beeu r~mliZetl that t.ttoe st..udies in othtt:r s.olvent 

.. media (non.-a<!OOOUB ar:ll riti~ sol~t.s l t~ould -~ o£. gxeat. h~1P J.n. 

wlderntand.ing different UDleculmr: J!.nterootions an·d a ~t of 
. 1.-10 

COlt~licated- pheilOiDSM . • 

l')..~CraS.i"Ve stUdiOS. 0..¥1 tt'le ~hj'~ioal i:U~:a,i?G!rt!tm 0~ d$£6~1:\l 

,uolvent ~etc~ have ~~'l rnadf; but a l~1t.®l~ g~ iit:ill el'(bM;:s. 

~~xa~ cla:Sa~ietltiMS Oi .orgml1C acrlwnt. t:.y~t,e~. based OR t.heie 

di~laot..:ic cor.usr.aut~ organic !;;z:ooi;, tfl~ .• aiC~~ :PJ:av~l:t..iea o:t 
10 l3 

ooacciati~ t.nrough ny(lrogen-bo.t~g: acnc,.,-.. _;-!CeeJ?t.o.r......propext..ies • 

hard aoa solft.. aci~-DaBe ~~ind.pl.ea eta. M~ l'R~ll. i~Go as a J:e-Sult., 

the pro;;altt.iOO· of diffexent oolVim.t. syst~~ ~oold shuA a wide 

divergence of pror:;e-J:t.J.es tf11ich t>muld nat.!lt;ally l:.'>O .t:eflected on 
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non-elect.rolytes s.tQ .in t.hese; solvent.s.-. The d,etertnilla~ion of 

the-~namtc .and. tran..··l~PO~ Pto~xtiee. o£ dit~er.ent elect~lytes 

in various sol wnt.s 'tfQuld t.hus prov !tie an impotttant st.ep .in this 

d,irG:ction. ~arall!t • in the . d~velo.;:>l'llalt of theories, dealing with 

ele~Qt.rt:Jl;t~ a:elut.i«l.~. much -.att.entiott. hms been davated to ion,. 

f:i(i!l.vent mt.e~itM"iS \"fb.ich. are the ('COntrolliDiJ £orcesu in 

:ti1f.init.ely dilute solutions where .icn..ion inte.ract..tons are ~sent.. 

'Ion-solv~nt inte:raotions or broadiy aolut.~-:r;ol~nt. .int.exa.at.lons . -

a~e :imt:>ort.ant. in. un:ie!:standin;;J the pbyaico..,chEHnica~ propert.i.es -Of 

solut..ions. ::tt .is v-~' dioffioult. to sug;gast t;ne forel.~e or faatot:e 

J.;ravol wd -in ·the solut-e \or . .tcnJ solvent. ~-snt.e.tnctJ.ons as CRl:JSt. of 

tne: date~ -faato.r5 Qf solut.e-sol~at .1nteroot.1.oals r~.SiOO.in 

obseure. :tQn--solve·nt, (or ao.ltat.e.aolV$Qt..) 1nt.GE:'~~iona manifes~ 

tlle<reel.vea in all the:C<I~':tl.&lnio and t.ta.uapo~ J;.~rope-rt.ies of e~t.ro­

lyte.il {lfl'tlet'!illy obt~!ned Df ~rar>ol~tlOO t.o J.Alfinit.~ a.f.lutlon. 8;{ 

separat :lAq these fuae~iooa, into ionic cc.Gc.ribUt.ioils.. .it. .is possillle 

to cete.rmine the contoribl.~~ions due to cat.j.ons Qnu. aniooa: .in. the 

solut.e-sol~nt int.ere~ctions. '!-'he:.;e devew on the itlltrinsio JJolv~n.t 

st%'UCture al~d Ct'l tM nature Of the lf);l"lS (di\nelB12JiOilt'. d\erge1 @~g_e­

di$tr .tbut.ion .in ease of large iOns~ A-bonding a~c. )D 

one of the ~easons £or the i.nt;racJ.ee ill solut:ien cllemtst.~ 

.ts that the atructur~ of the ~ol vent moleculeS are not. Jt."lO'-iHl ·ttr.it.h 

certainty. ~~ .iutr~")J.:iuctl.oo of an J.on or solu.t.e mod.i£ie$ ·the solvetlt 

struetw:e to ~q umertain .<uagtU,t.Ude -whe~ea tnro:. solute m;,leculea 



The probleNl of ;ion.-solv~nt .1tlt.e;r4~at.iM2 ~hicb ~ closely 

ak~ t..o ion.io sol:vat.iom5 aaa ~ st.utU.ifld f';r;om different ea'lgles using 

nlmost. ell t.he t'!tV.\l:!.lab~ r-'!Veieo-che•t.lical tech:niquoo~ 

::ron-solvent iAlteract..tons <:&'l be s.t.oo.ioo apect.;;;oaoopieallf 

".i.hCilre t.he S:P$¢r~l s{)l:vli:nt · ~uft.n or the cha~cd.cal t:thift.s deter•a.tne 

the qu~l.it:ati.ve and quant.itat.ive · .Qatu:re- of t.he. .ioil-.solvent. i.nt.er:ac­

t.io!W"· aut e";e:n qualitative OlZ quant.itat.iV$ aP!Z!Ot't.ion.tttg ot the 

·ion-solvent interactions· into tho vn~.ious i~Z.ible · :fat":t.on-s is 

still an UPhill t.astt. · 

The ion-sol.~.'Nlt J.nt.e:¢.C~~tions can also b~ l:,t.t:died i:rom the 

the1Z~;Oa"'yMtQ3;c ·pci!nt of v~ \them t.he £r~ (mergy ci.tf!Ug¢s, euuualpy 

o.'langes an.d · ant.r.:ow ahunges et.o ru:;,sooL'\t~Gd !·1-i:th o p&rt.icu.lar 

·rcection cari be q,Unli.t.at3.ve.ly :M4 quentitat.:twly ev<!Iltmte:l (us!ni 

·Various fhys.ico-~t:hs~n.tcal tec~ue.s) from ?.vhicn ~lU~GJ.O{lS :r:egard­

J..ng t.'he fact.or:s li:'H!~r3cc.iat&"i l-Jith t.he Jbm-sol.~t. .int.exact!:..ona can 

be wor.ked cut• 

.:.u.·~~a~llf:, t~ ,J.Otl-Stllwn.t :lr1t;~ectiutl:s c:eu be ~ud.Lu.d· 

i.~SintJ solvatiot~ll ·aE>proaenGJs l...~vol'\l.irnj the S<t.udies· of the di.fturent 

t.r~port. ~)io:f>ezrti~a auch as viscos.it.y •. corAtl.ua~ance ~ ®~n.t~essi.­

bility etc· o£ GJI.Cctrolytes andl oeE.iV~ th~ VaX:.i@US ia.ct.O:t:'S tiGSOC:.1~ 

tea \iti.th .ior;,ic l!lolvat.ioo. 

tlfe shall pm..'ticularly ·uwe.ll ~)on t.he dUferen-c espeats of 

:.those· transport pro~n:.ies el.) the pt.;aeent d.15ser.tation· .i.u J.nt..tmately 

related to ·the ~~ud!es of v.taccsity • coruluct.enoe and co.upressib.i­

.lit:ies of d.tf ;C-e!C$nt. tetraalkyl. ~d r$1-.ated salt.$ .1.n di!JOl.at s.prot Jc 
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Vis~lty :ia tii~ of ~G nost. .im~1lant> tl:MSJ.lOrt. ~open.J..~ 

used wr t.l1e deter~~:1at.ion of ion-solvent. mteract..ion~ ·and st:uoied 

ert~naivelyl.S•l6• vJ.sr.:osity is not a t.nero:.v.lynamic qurmtJ.t..t. but 

v:tneoaity ef an electrolytic solution. t._og~th¢1:' with t.l'lf! th~y~ 
. . 

H\11'.3 property V 2:· t paxt.ial Uol~l VOl~ giVeS much .inforr~ti® aP.d 

i.nt~ight regatdit19 :ton-solvent. i..'1t.~ract:ions atld the structures oi 

t:he el.catrolyt.ic st!ll.Utiona. ·The vi;~os.ity :calet.ionships o£ elect.ro­

lytic solut.}i.on$ are highly ~pllc:a:ted. 'l'he"t"e are $t.rcng electx.tcml 

:e:-wx:aa. l:>et!<faeaa t-he. .tcu:m. n~ bet.ween. the. .ions ~ solvent ana separa-. 

·- . 

analysis, val.id QonQlGslaui Ct!",.n be drawn rog~ruJ the structure 

and the 'na.tul.':e o£ ttt.e solvati.on. of• a p~icul.ar syst.etn. 

'i'h.e viscosity .i,s. a ~~~.aaure of the fr.ietion bet.w~n adj~t, 

relatively movJ.ng par.nllel plen.es of t.he Uq\.tisl., ilnything that. 

inelteases or dearea~etl the .interect..±on bet.-~>~n tlw pl~ wiU 

raise or lower the f~ict:ion an-d therefoxe. Jnc:n;ose or ®crease 

v::tseositv • .... 
· :tf large spheres are· Placed .1ri the lf<;lt.Ud• the Planes Will 

be keyed tt.~her incJ:eaaing thG v!Seoo.ity. t~irftilarly, .im::rea&"e 

.in the- a.verag~i degree o:f hytb;oge~ta.intJ :between the pl.anes will 

- " 

Jio.n wit.h ~ le.rge1 .rigi<l eo...sPbe.re \for a st.ructure! promot.iag J.on) 
. . ' 

w.:U.:l br.;:have as a .r.ig.W: a~hQli""e ,Plat."Sd in the litltd.d and .i:lcr:~~se 

'th~· .inte::-pl.anar .fJ:.td:..ion.o Sitnilarly,. car~ .ion incr:efJ;~.i."19 t.ne aegr:ee 



of hydrogen bonding m.~ the degree o:f tlorrelat.ion iW'!Cill:'J the adja¢ent. 

solwnt molecules, \~i.ll .:!.nc~e.se tl'la ·vwc.osit.y. conve'rseq 9 .ioos 

"' c:11' dot.;:en~ence on e')m::eut.rntic.)n• but the e.ffeet i.e s~ll and 1;.:i.ll 
16 

be ~l-t.t\f~JQ!.\:l at. .woci1erat.e cei.:"l®n\.,;cation~ ~ 

of ~lect.r!C};t~t.G eolut.i~ over a \'l+de eoncentr~~on ran;Je was per­

tor:taed byG2!'ttx~isEHl17 .tn 100$~ He n~t.ad ~oo-l~a~.it.y and a i.af?Jet.iV& 

curvattu::~'~ j.n t.~ v1$eosit:.y uoncentrat.ion ourvea (i;rrespecti.vs oJ; 

lc;; or high concentrations )• :xn 192$)0 . . 3~.s ana. Pole .lS suggested 

&"1 tiU49irical equtit.icm (ll. quant.it.at. . .ively corl;e1al!-ing ~he relative 

visco~litJ.es of the e·lectrolytes \':ith molar c.1l)l~ett~ratl.oos c, 

...... , 

~~::nil::.re fh. ~nd 6 an: -con:;:•t.an.w specifJ.Q to ion. and the s,o.lw:nt.. ':he· 
' . -

~i'.:..<~t..ion is :a1~?1J:Qablc o~t;u.a:J.l.y t.o. a~l,liieol.ll!S ~oo .non-·&q:ueoutl D"?~~vent 

.sy ot~\'fB all\..i used e-Ate:wJ.v~ly. >rhe ·t.:.t1t:m ;c;~· ,. orJ.g.inally ascr~d 
' . . " . . . . - ~ 

to :>.:~;;unaiaea a££~!Jet9 arose_ .fro;n the l.ot5g-raa;;e co~lQ;.'iib f:orces 
• • l • • . 

bet\<ieetl t.he ions ... 'l?~ fllcJO~tf'.icmnce oil the ter.n had s..inco then ~n 

:real.13ed due to t:.ha develos:>urent of Deb)!e-Hu~l t'h.eoxy of inter-
. . . ~ ' 

ioni:c attrrot.ton.~l ( 1923 )~ .r~alken.'la::Jen• s 20""22 th\ll!oret.ical aalcula-

t.ion of the const.ant ~. using the &~ilit>r.tu.-n t.h~ory and t.he t.heoxy 

of irreversible PI'ooessos iu eleat.rolytes ~velor~~ kr-i Gnseg(;:::t' snd 
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i.fuos&23. The ~-coefficient. dei~S or~ t.ha .io&l-ion inte-ractions and 
' 

c~ be e.alcul~ted from the 1.~s.ical I;,rof"J®:r:t.ies of t:;olvent. .ana solu­

t.J.oo usi.ng the Falkennagen-veruon22 
a:,j;tA<'at.too. 

[- c·bH~ c~!;oA;)] 
& •• (3) 

li-ihere 1\ • A~ a.."ld. :,\ 0 are the ll•rdtinq equivalent. conductanceu of 
0 

the elect.X\i.)lyte mnd the .iQnS: r03PectJ!.vely at t~~rat:.ure T. f ar.d ~0 
a1:a: the dielectric constant emd v.iaqt.::mJ.ty o£ the solvent.. h"'or <Q<JGt 

S\;rl.ut.ions,. bot.h equeout~> c.nd. ~~0~1-aqU$0W:l• the «quat.:.Lon is vslJ4 

upt-o o.lMlS,•24• Jt..t. higher ccncentrat.iona-~. the ext.en:--iioo Joms-Dol$ 

e.:;r,\J.at.:io."'l '4 1 invol vit~J an n".Jditiooal o.cnstant o. origif.J.ally uaeu 

'Of w.e1lin131~y:2S ~"las been useti lay sevtf.ral ~llo&"l~i:$.zu,a'1. 

• •• (4) 

Th~. Q~.){Wt.a:;"lt. t> cannot be evaluot.cd properly e:1d the sJ.gnificanc:e 

of the oonetiSnt is also not al\i~ays ~"l:i.t~ful atl:i tnerc£oro, t.he 

eq~tion (l) is used. 'by mos1: of the ttJorl«ars. 
. ~ t 

?he Plots of '~a -1)/0"' .against c·' for ·the elec-tro.lyt;es 

Gh.OUld. give the value of: '?>. but. in gea"larral the valueo c_orre out to 

be oogat-.icve or cc:ns1derable SQett.er: and deviat..i:oru.s ft'om 1i.r!Omr1t.y 

oc-cu.r
24 

•
23

• 
29

• Thus• .instead o£ deteri:aining fi-Values -fro~ the pl.ots 

or. by least square ~t.hro• t:.l~ ,(!1,-'Valut;e are g~eral.ly calaulat-~d 

tm.in~ Falk~"lbt"lgen-Vernon. eg;uat.i.on (l ;. 

A-coaff.ic.ient. r:ihould. be ze-ro ~or no~leatrol.yt.es-. l'ICCQrd­

.ir'G t.o .. TonGe and Dol~,. the cotid!f.icient ;:. pr~ably l.""ePJ:~Gent.s t.na-
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st.i£fer1ng effect. •:;;n the solution of t.he elmtrie for:~s :ee"twee:n 

the ions which tend t.o maintain a space-latt.iee stroc:tu~ 18 
• 

'Xhe !~oe£fk:ient me.'..f be either l,Jos.ic.i1le or n~E9.e.t.!4.ve ana 

of the solwnt. as enut:~e:ratw at. th~ beginning ~l~o cono,'it.ion the 

.inc;'Sase or decrc..~se of n-values. The- :fact.ort; Wh . .:1ch inf&cen.c:.e 
'30.31 .. e-valoos are ... 

(l) ~he e:f£f:Ct of ioni,e solvati9n end t."Je ~t.iotl'- c£ t.IW 

_ fi:eld. of ~he ion in p:;oducing long-~ange orCiH' m t!ol~t. molecules 

incteaae 'tot' a-values\?! 

{2) 'l'he de,atruet;.ioo cf ~he ,three d~mana.ional st.rruct.ure of. 

:sol w~ molecules \ .t.e.. struattn:.:e bmMil,i9 e£fe-("!t ~cr. c/epolymez:i.za­

tion effect) decrea~e.a '"'7_ or f!-vruueao 

< 3) High ;~lal volu!._~ a.."ld l~ d.i.el~tttio collStJI.illt. y .ield 

hiAJh H-valut;:ts for Gi.~lar so.lv~nts. . . 

(4/ Heduced B-v~-u.ues .~ obtained wh~l· t:ha l~r.i/rt~ar-.t s;ol.vat.iotl 

of ions J.s. aterJ.~~ll.y h.iw~u:~ in hi9n mala~ volui~ _$lol-veats or: 

if e.ither .ion of a :b.b\axy e.lect.t:ol.yte cannot be s~.i/J;J.celly eol.vated .. 

l':i:. had ·been flcUJld t.hl£': v!acosit.y valoo~ at hitjJb concent~:a­

t.ioJU> (1-~'! to saturnt.t~on> can be rep~:esent.ed li'"J the e!~~Vi_ri.cal for;nula 

r' • 
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Jl; n~~r of ·altez:-netive for:nulations have ~n pro1JOSe6 -for rep.re­

s:entmtr result.e of v.iscos-ity rooasu~:enlellts 1n t..he high co.."''eezltrat:ion 
33•38 . 1139,4-0 ' r~ge · ann t.he ~uati,on mRJizented. by tt~e -_ nased on 

an extE~£m.ioo o:f the .free vol.uroe theory- o£ transport. .Ph·~ne !a 

li~;tu.idf.~ a..~d fused salts to i.onic soltu;itmB• .is part.:l.oularly note­

r;,lol:t.hy ... 

'fh&. fY.{1I.WtiO:l is 

A 
.... \6} 

-i 
whe,re N ~;epre.aent.s tlta. conc.-entt:at.ion of the SBlt. .in ~~RU.i.v • .UX • 
1~ ~:ttl. ~ are oo.'"lstants Bl~PP~ed to be .indep~.u'dent of tfw.l· s~~t. 

car.apojJit.Jon am No -iS the hypct.het.ical Cotlcentrat.ion at Wh:ich the 
41-43 

syst,e;:ri brreoraes, glans. 'l~he cqtult.io;..'l ..,;as' rcca~t by Majum.iar ct.- al 

i.t"lttciduc.in;t t.he ll~l\it!ng aandl.t!on that as t-l 4 o ·'9 '1 ~ '>! 
0 

•· the 

v.isat:tsit.y· trtf the pu.re solvent. Thus, ~ have 

l<.tN 

lit 41. ('7) 

The . ~ztuation. \7 .l pro<U.ct.s o. ~t.r.aight; lJ.ns pass.ing throut~n the 
rj N/ 

or ig:.in for the plot o£ ·L 71 '111'eo:.(; "'V s ; (NoN) 1 U a sui~ .able cho.:ice 

r.or . No is made. The iequat.to.a (7) ha$ b:.1:en. te~lted .bt ~~ajum:l31:' et. al 



using th~ data £r;~ the l.itm;~t~t$ an.~ from the.tr Qi!IJA e:;!~J;;-nent.e1 

resultS• The best.· ch9ice f:or i'\loand tz' ~as eelectct1 bf a t.r1~ and 

erro~ met.hed• The e~t .of· R. atJB, N c ~~hioh proouce ~~~Rim devi.at.!on 

bet~'!leen '1. r~l teXJ:?t} art:t '1 ~el· (tlleo') r::t!S ~Pte4• 

In d.ilute solutions• N .c.<- 1\l c ;' 'ae have 

· '!!ihicn .iS. notwl-is bt$ t .. he Jone-Dole EJquat.ion w..tt.:n tbe ·.ion-J.GB 
. . . . ~~ 

.intera.ct:ion ter.a omit.t<ad arid a a 'N2- • The agJ:eeuiant. b0tween a 
0 

values dsterJfd.neti in thJ.s way and using: Jc..'\eS'*!)ol.e equmtion has 

oailln £ound t;o be g~ 'for 5eva.ral eleQtrolyt.es. 

Ftn:theJ: the equation (1) ;:JJ:l.tt.en in t.he foJ:m 

No 
-N 

••• (9} 

• . Jo 
closely ~semles Va:rnlt•a eqt.u~t.~lon · for .flu!ci.tt.y h:ectpx;oeal fo~. 

viscooity) ' 

••• \10) 

coos tent. 



'the vj,ncooity n-coe.ff.tci~nt.s haw been det~;?:r'!Jin~~.-1' by a 

la:t~~:e n.ur~ o£ "'~rt;.er:a in. 0q"~ous. ~uixt.-~ and non-aqueous sol­

vent~2~t44 ... 14. H.o~·taver., the 13-eoeffJ.c:tents. eo deter:l.tined G:fperi-

'rental.ly uatng Jone-ooles equetioa, does not ~.ive any J".ap.ress.toa 

rega:Xd~IJ~ ion-sol wnt interaetions unl .. eas there .is aou~.e \'l81 to 

ident..11fy t.he separate contribut..ions of cat..ton.s a'ld anions in the 

tct.a1 molute-sol,V.ent interatlt.ion8• l~ .:ts to18ll KilOWJil t.~at. ·no 

Physiol~he 1rleal property of t4~ total. solute can rJU.fl•tt-ct the 

properl~.iea of the .inettv:!dual .ions at~'1 ooly .tonic ecn·t;.rib~;<.tions 'mtq 

g:J.ve .bU:~·1ght. on ·the .intrinsic P..e.tu.re. Qf' ·the· :'.llol:vent et.ruct.ure and. 

. it$ ttlt:l6if.ic~.tian 1Y.t the ions .,CGnd..ition.e.d by tit.G diiOOinsion.. oi'Uitt:G~ 

cba;r;gf;11· c:U.st'i::''.;ibu:t;.ietl~ H-tx~::ld!n~~ etc. ) .. 

:func>tlt04'1{lt. of .1on.4c. ~ ... values (.hl absence or .in pJ;esence o£ .i~.m.t;t.u­

f.1Q¢Oii! ictil!U.e ar.,socJ..at.i.onJ ae ~<1ill be apparent. £rom tne fact that. 
' ' 

tbe a.;»val.u~e for Pail:W o£ salts t.g±t.h the same ardon but. different. 

Pl¢r.1Ei)ltf'eJ:, the cu.:v.tsio.."l of a-values into .ionic a* 01: a- values 

.is qtJite arb~tra:::y bas~d on s~ a~prf;>xi(aat.i®G or assu~npt..ions• 

t.he ~rali<lity of which mG.i be quest.ia~¢0.. 

· 'l'he fbllai'Jin9 mat.hoJs have boon used for the cU.:vis.ion of 

2-vaiaes into J.onic com.t?oneni;s \l) cox and Holf'"~ruien75 carri.ed out 

the tlivis.iot) on the' assut."{.:lt,ion that ll..:ton val~s of .L.:t-t• and IOi 

J.n 't·.i'!<J3 a~ pro?Ol:t.ion.s.l. to the .ionio volurrea t<Jhich are proport-ional 

t.a the t.hi.r.d .i?O'<'Jer of the .b:lf".:.1c mobilites. 



)-_ 
"i.e._ •• 

~-

-_)._ ' 
~-
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~he e:.n:tt;eru_ lif!Opteei fOJr the sep$t:at~1 ci u..cooi:f5A:.i~s 

J;a ru:!n•~Ufl'iW.lG sol~Eli (U . .f.f0J: from. those geuox:al1y Used .in ~ater. 

HOh'l$~. thE'! «et.ho-as ere b-.-~s~ on Ule eq,ual.it.y o~ ~I~J;vv,t~t.. co.n­

d~t.ancea of <lounter ions at in~in.ite oi1Utiotm. ThUS• 
41 -

a> Crina and r~~ast,-J;oiann1 ae;;~ ~ m &c1- .!.n nk..""thanol 

-(b~ ora equal. rnobil.it.ies c_)f ~19>. ~my also lld.q>t.e-Q 

-a!,~ = -o.-;;a as the Ulit.1el -value for ~ton~r:.ile aclutJ.ona. 

·b) '!?or. aee>tMittile snlut:.tons, T,uen, -S'd ituosr/30 ~t~ed t.be 

~1tlt~lity- s
904

s-.. 11$- a~r tUl, since tne-; t.nomm~ t.hst; these .tens 
~ - ..r _ ___,. 61 

have- s:1 t!U.lz.r ·l't'Oblllt.~. flowevu.rt ~d-ing t.o ~prJ.ng~t: et. al -• 

~0 au a'*' :.. Gl~e ~ ~ o.r~a- ~ S$.3 .in. aceto,l:t~r.tlc. 
• G & - - - -

c 1 Gopal a~ ~togi. _ resolved tJte . .S~.titJ.ciEnt. J.n N-

~t.h1tl prqpiozu:~•a~;:;t~ solut. ions, aeaum:t~ (\o.tthotJt, .PE'oof) t;nat 

»st.,lF' • ~,-· ( lv) il.\t all t.e~raturea. tn d1."t'llathy lsttl·pbox!ds• the 

div.!sim of U...a.cef£iet.ienta wore enr~.ieo cut. UT ~ao end Dennton20 

nssum.ing· 

'tri-m~~yl-r:a .... t:natyl. 
amm::;n;tu.m ~etra.t}henyl 
bOrate; -



~-

:~-

i~, ide uoo of. th.ia "~'thcrJ. bas ~<art •uade f.tv ot.hC~J: ii!Utho;ra t:or 
~s ~~ 

dJ;.S<)thy lsu1J?hoxide27 , atllpholane~ , h~·~ .. r~.et.~·ly.l.vl:&OSPbOt.:rJ.auiloe:;, ~ 

ond ethylene carbol'.Ult$82 $Ol~.u;ians. 

·The waet.nods.,. hoi~V~r, have been str-.>aglf arj,t.iQ.izeti by 

.Kmmgalrz83 • i'J.ccord.ing to ru(n. f).!.~'J iethod of :reeolut.io.n -based on 

t.he ~ual.it.y of equivalent conduct.~s ~or e~L.'t.ain ~ suffers 

fzora the drauback thlllt. it iS .1r~~ossiblet to s~U..~t etrtf two ions .fcc 

wnieh Ao -r c= ;\ 0 ... .in all solvents at p;coper t.c.:n:'l!~ratu~. ThO$, 
' ,) 

though An ~+ = ) o.~··l- -f'tt 2SQC in ~it1athenolo but. not in etl1!.Mo-l 
""'S1~1t· ,.-

or .!n- other solvent. e. :r.n aauJ.t.i.oot if the mob.ili.t.ies of some ions 

are even equal at infJ.ni.te cl!lution., but .tt. .iS net. necea-ear;tly · true 

at. £w;;Je,rate eoncent:ratione fo-r ~h.ich :that. e-coe£fJc.ient values ~1:e 

calculated. Furthe-r• oocor.tling t..o hi.; equal.it.y of d.imeMiona ~ 

(.i - it~) 36ux~~ or (i - ~m)~ BUtt.., Md ~4fir does neat. nece83aari1y 

i~)ly ee-1ualit.y of 13.-(:eet·.t . .ta.ietltS o£ th~ae ions :as they ·~ lli®l:.t 

to be salvent and J.or.t.-ntruct.u.re de~ct.·~Ult:• 

;:rurw;ral$83 ha$: receut:ly pro::'o~l a ~~ho~ .fox: t.he r.t:S!.'l!lU• 

t.iOJ:l of 8-coef'f.ioients. :the nwt.hod i:S ~esed on t--he fact that. the 

l~o tetraalk-.tlam.--noniu,n <:a:t.-.lotlS are twt solvat.a:cl65•~ .in o.rg.eniQ 

Dolwnts (in the normal sense involviB;I s.igo.ifican.t el.arot..roGtatJ.c 

in~eraction). Thuo• the !.onic a-v~lues for la~_J$ tetra-olk.yl 

aramot1.ium J.oos H
4

N+ \W1.ere R ') au) .in organic sQlVents -ar:.e pr.oz_;o~-

t..ional to their ionic air~tl.~io."ls. 

Thu8, -tie have 

~R4.M.X = a + bl!: N""' 
4 

r,4hti!lre a ;.:: B )(-and b is a -c;:r.)rl.Stmlt dOIJeMOUt ~n te.aperat.uro .end 

sol:veut nattu:E=;. 



'the• ext.itapolat.ion of the plot. Qf Ba
4

re:t \R > Fr ow nu) 

A~i:not. 'h3 •::> "+ to zeJZo cati.on d.ime!lS.ial gives di~ctly Sv-
'""ll ...,., I [... J.'i;4;U.' . .a 

il"l th.e ;pro};:Jer IHllV>t~nt. fro:n ~thich ot;.lllll:!'r n-io..'l values can oo calcula­

ted. 

• •• (19) 

3 
Y' t"N+ 
... ~ ...... 't ... ..... (20) ....... . . , . . 

.3 
~ £~4N+- . 

The red.J..i of the t.et.raaU;y la:-al'ro*&.ium j,on have ~ cal.<:ulate4 
. . . . . . ' 81 

from the eonurate aondootolMlt.ric d~a • 
. '10 . ' 

Glll and Shnr~Qa use4 BU;s,N!3Ph4 as a :ilie:ference ~lact.rolyte. 

-The rtb'thoo of resolution of. a .is baeW. oo t?.he aasurnpt.:ion., like 

KrcMwt:1ais, th.at . .a~r and ~4s• J.oos tiit.h la• lf.-"J:CU£)S are not 

solvated .in non-aquaous solvents t!ttt'l t.heiJ:' di.~lli.1nn.!ons .L1. such 
0 

solvents are constant. 'l'he ioo.to r~.i ... t of Bu4f$• (S.OO ·Jl)· and. 
0 - ' '.. . ·. ' :wn4a- (5.3$ J~;.) 'heve-1 J.n faot~ £out"d to ~uain cau;.t;f<.Jlt. ill dif:t~rent 

~·- 't_. •· (
_s.;ta 
s.oo 

.... (21J 



),, . 

'· 

-lS-

T!w l'U£.-.othod ~-uiroo cnl~. th.~ a-va·lue of ilt~4~t.lb~i a.~. ta 

~tually applicable t.o mb1ad mm-aqueows ::Pol:vent.s. ~he $-Ji-ion v~l.~ 
. . 

obtained b<; this ~ooa agn-e well with tohose .rt1pcu:teii .bjz .. Sacco 

~e~ntly.1, tl,a111rera~ and saec:t:? 1•72a ur;:;ea (teuabuty l­

&~1n"li.um. tet.rebut.ylbora.te) B~i~:lu4 ~1d t.etrapner~·l ~-anosphoal.Ul:-a 

tt;;ita;apheny<1 borate (~h4t"BJ.'b4 ): as rei!ei:6it~ce e:lect.rolfltEU'l~ becauf.:lle 

the aet-ion. ana muon !n $G~~') case ~'e sy~t.::rically swarpee onu 

v~i- (;a~!i~~} 
A ~ l!iR:C!J ' IC a ........ ••• (24) 

• ... (25) 

:r.>. sim.i~ar div.isJ.Qll can b;;; .. ~ for the Ph<r-~Ph4- b)"Ot&m. 

72b 
Recently, Let'i.r.rnlee et el. detel;'i'r.:ined th~ via-c~'it.y-

measure.~nt. of t.euea:U~y 1 (.fl:o.in p~pyl to !W13t.a:tl i a£~ts-m 

bt:ointooa .tu tli~ and nM~£. The a-cotaf£1cJ.enu 

v~er ~iiiaals vol;~. stokes 

'2 3 DEC.I98S. 



-~-

L'ad!..i arid £ornula wei.gnt o~ ,the cat.i~ t.o g~ n \Bt- I valtt(to The 

&(S:$t'") vaiuC$ thus obtained rwem qempea;:ild mt.h th~ .accurately 

oetermi.ned ll\BL-) value obtaJ.ned using Bu4tvBu4s a'1d Pb4pP¥ 

as :IPufe~c.e G;J~lts. ?hey Ctbnolutled ·th~t. ~"le· '.rcfer~~e. S'a\t • 

~thoil is the best. nva.tlable iOOthOd fot: the 41vuion int.o .tonic 

Cloot.i:'i:butiOOSo: ~om nr~lysis i.s in at.J_d~:ltEant ~~th tb~ cmlClusiens 

filaele b-'.1. ThaillSon. a .al .. l.ae,d • 

Jenkins end £?rit~J.tas $UggeP.st.ed a leraet square a.~l:Jtical 

t.echnique to exa;~ adt'iit.iv!ty ,ralstionah-ip £t)z; ao.~in.ed ion 

tbell:f~ynam.i.ca ~et.n1<f to elt::f~t- a;~por~J.orti~ .int.o sing le-ien 

co~oglentG foi: all::.all. ~e~t.al hal:lde salts b.f ~itplaf~ :Faj~• 

to~ m.lltol.t 'not.al.S ~lltl halld$ itl w~t.~o ·n.tey -also ObSe:t.-ved t'l:lat. 

:r3' ~cs';;. ) ~ fl\l•) s~ag~iM!i'tt."d l:r,1 H:.ru~•g&~35 t.o oo mar~ reliable tt'Uin 

s(K·~') = :a(cl,'""") in eque-c..-us soiut..iel:u~;. Ho\t-ever; ~-e l."eqt~ire rrore data 

to t:.est, the vatid~t.y of this r~~~--

It iS app-arunt that almost all these ~'lotls u~ based 

on certai.n a!)p:r@i.xi.mations and enomal.fJuS resul~s m.~ arise tmless 

Pro:oor ma~neroatl.cel t.h®c;cy is devGloped ~o calculate a-val.~es. 

':!?e~ratu~ depen~nce of B~- val .. ws: 
• :a:: a --..,..,. r Sf~ • ~ .Cs M e-. .-••- 1f ;- .• n::t 11 ..... ~......,.~....., 

ft.. regu.lar.i.t.t J.t1 t.h~ be-hav.iou..r of a± am ~ ~:t has been 

observed both .in a::.roocus snd non-.nqueous solvants15 atl.fl nsefu.l 

t;er:ae.rallaat.iorw hmve l~ .Iiia>ie k.y l~ifd.Ml"y25 • H~ Obse~ t-hat 

(.i} 'H.it.hL'l a tj'J8:'0u,9 Gf t.h® l~Cl:;iod.iQ. t@le the :a...J.on ValU®$ 



\iiI w.i.t.hi..~ & group of )tler1Qd.tc S)>tst.~~'t the te.~rat:ut:o 

coaf£.tciant of a iou value:a in~~~s aa ~he· .ie£:L.:ic tad.J.us ~r~asea. 

~ ~eeult.s carl be &uromar.!.g€4 as £oll~ts.; 

t·.u.)' a:ton( o m:d cl~J.QJ•)o 
d..T . 

••• \2-6) 

1Qh£;racterl.$t:.ic of st.mct.ur~ brealU.ng iori~e 

411!) S;icn) o . .:ma d.Sia!t ( o. chJex'aa.tfll:rist.Je of. structu~e. 
d.! .. i'nl!i~ing ions. 

• ... (28) 

!'t J.s •<~~aU lt.nuwn that an ..too u et.trl'toU.tl~tt b.r a sol vatiCJn 

5he.at.h and. t.h«t pro~rt..ies o~ the solvent.:;;. whkh at.-e d!ii£erent. from 

those present .in the bulk st.ructw:e. Th.f.w; .fJ3 t'-le1l ;re.fl~ .tn t:he 

•ao-sPbere• model of Gt,u:ney91 .• ~~.s.c ~001~ o:f ·£frank and Hrn1~2 3nd 

1'1 hydrated nadius of A~U.9~ltin~ale · • 

~Gt;o~s enu H~tilsl5 g:av~ rar.• ~nalya1~ of vJ..seosit.Y incorpora-. 

t..tng t.h~ .besio .1d~as vre.ae-nt$1 befoJ:e... 'l'!ile vieecs;it.y of a dilute 

electrolyte solut.io.'l haa OOtii1h. equ~oo t.e:t tll~ viScosity of the 

2·t)l-Vf3!lti ('1}
0

} $;)l11B th~ V.iS~.itTJ Chang@ msultireg b:"Orll QO~t1t.i<:Jn 

bet."t1~n various ef.fect.s ~uaing. in· t.ne .tcniie. neigh,boumood• 



~ 

~ .iei the do~i.t;ive .1ncre1r~t ttl v.iacosity cauoo4 &:q etlt:Alou:u.bie 

..... (31): 

i~itii.st.' 
. D J.otl i~ th.e iXJE!i.it.iw .incr:~~nt a~L$J.r.tr~ ~r:orn tihG oD:3tntct.ion 

t·0 the vJ.saous' .f~1 olE th$ sol:U'{4'1t. eau~ by t.l\6 5ll~ and a;iae 

B · ~ orieiat: of:. t.il& .ions (the telit$1 corJCes:ponds t.a "YL or ~m~a1~ )" .a1~ 
.is the pos!UV$ J.lla'rernent. .sr!s.ing from the al1¢~t or st.l:Ucliute 

~~:ing action of· t.l'l~ ~leetrio field of the . .len .~'-1 tile dj,VQle$ of 

the solvent moleq:ul~ (t.he ·t~r.'ll e:orl:eaii~S ~ -{"lo or B0~ ) • 
. St.i:' . . . . . : ·. . . . ··. . .. : . .. . 
Bi.OO is the negatiw incX'~l;-uaent relat.ed to the de$t.X'tlCtJ..on o.f t:be 

so:t.v.~nt st.t:Ueture in the reglt:»l of ;iQ."l:ie eo-Sl~~IS\ uisinrt; ~~· 

twa oppoo.ing tende~.iea of t:.h.e .1:m"l to or.ient~te the ·~l.eculetl 

rou£'l{l i.ts~~u eent.ll:'Oa1yt-.a.~~t.ricalljf and ·oolycnt. t.:o ~Cflf.P tt..s: a..'ln 

st:~:~u~o (i'bls eor·r.eSf10l'idS t.o ~ 04' 8disct.:4 ) • 
mL'lf ~ 

SJ.on · ~ ·tl.'l@ p-Osit.i.w lt'3u.:~~.:nocnt c<Ot'ld~alcd. &v ttle e,ff~t 

of '''reJ.i1£Ql:~t.~lt. of. the l';l'at;~l: $t;rudt~~·., b;r l_ilrtge t.~&"-~alk.yl-



·~ 

fo2!1m 2:i :f.;lrml~· · at:tacl\W Jf'd.. dS¥ aol v~t;.;.Loo~ ~he~ ,srout;ld th~e .io.ns. 

~~f!;!st; or ~t1 r~J.t~ivw}. zvt. o~dinar;:r J;(i!l~~~-eratures9 .ul.i.gtl•l"tent. of 

t.Jie aolv~lt. molec;:ult~a ~round tYJ~ .inne~: 21.aye:r ali!io CE"..uBi$e J.ner~ase 

.orient 1. A) st.~.~ .( lh . .~ 11. ... t~··, ..~ ,..,... -in a ._, Bot" ..,., I ;a.$ :.em.a li::Ol: u~Se .a.al'-'• 1it.u'US :!#.ion. · . .. .ion . .. L :~~r-on · L 
. . E.inst .. orient str 

will_ be l~e. and positive as n1on ~ 1lion > a10a o . H~ver, 

·E-irwt ~~ «~orient . 1..<'1 1 .. .c ·" ~ . ·1 B;ton. a-.~ . ..,ic;m wou. w be e.e1a & .... or ;.,DOS o~ greatest. ceysta. 

radj,i (~~it.hm a groupJ like cs+ or :t*" .6100 to fH~ll. sur£~~ charge 

densities J:e13Ultin~l !n \it!M orient.J.GtJ ;~;1oo st.£uet.uro eoartnlng effect. 

Sut S~ 'lllOUlil De l.el:ge due to etruct;'llti.'Ql disorder ~ the ~~ 

diat.e neighboo.rhooa o.f the J.ct1 tlua to csonpeUt.iorl bett>Heen the 

ionic f.iel<l and t.he bUlk strtlCture. Zh~JiS41 a~~st. 
Stt 

a:ion esal.i ai<n: is. negative. 
~ 

Ioos of jat.e~x.fi:~atiat;e G.f.ze \e.g»- .K · w:¥1 cl-) have a close 
. :E.ii!St 

.C-al.ariCU o£ viscous force$ .1:'"1 their v.ialn.i.t.y .l.,e.-· a.ton '*" B.100 
.St.J:· ·alan ~o that._ B iu atose ~o z.a;ro. 

r""'arge I~nl.ecul.m.r .ioc~a like tet:raalh.';{l~ftmrmi.um J.or12 hnve 
.&ust. · ... ., · . . or.ient. . .. Str 

le~a Bi.on t>ooause ot.: large size but BJ.on a.."ld U.ion t-toul4 
Ei t. Ol':ient St.%: 

be· small J:,.e •. Biogs · +-- Dion. >> Bio~::1 .. em B would be t;tOait.lve 

and large. The val. oo -would be further re..tnforced .itl water arising 



-:)·----· 

~-
·- j-

·-... . ltf.lini· 
st;a:oa:& u_1QQ · · ~ tr.> ~d»:opb®ic _ n.ydt:.a"'ODS-·•· 

E~'t 
:rhB irl~~iluae .m t.~~:qyet'at_u~ wi1.1 ha~ no ef!'ect. oo n~011 · 

but. the os::ieatatt~ ~ salv~nt. .:iblecul~ 111 the .sw:&~J:'i layw 

\illll be aec:~ee~ due t.o ~t.-eaa~ tn~al ~t.teu l$ad.in£J ~o 

deQJ:ease ~ a:i~ • s!!!enb \~111 4630-Cst) Slo~ly W.\tb t.e~erat.ure 
as _there tiilll ·biJ lass QOt1l!>etit.ion b@tt~n ~~ .ionlc tiekl ~d t;be 

reaucea ~~lwnt. struo~· The r,;os:1Uva or negative te;ij£.te%atUI:e 

cOO'i:fic:ierlt w.Ul t.nus eep- ·(l)u the · Cbat.~ge -of th$ i'elat.iv~ magu.t .... 
· · . :t:em: ient . - ,.A_ St.:¥: _ tuelea of B iOn-- -~Alii Ston • 

-_· It. ;ta c-lear t.het. J..7 cas~ ~t; st.lr'~tur~ ~}de.~ ion~, t.n. Lfl)n& 

ar~ ·;: . .u:m.t:r· · aur;c;o:wl"J<..oQ ·b;/· a PWiir~- so2v~J.oil .e~at.h. ar¥1 tae s=ea­

da~:y solv-atwra S«l.$ \d.ll bf!, ~Otl.Smm:mbJ¥ ode~ l.~ad.Ua.~ t.o en 

.itlt#G'Ir!Ge- in 8,1~ and ~,jQf;:ga\tt.mlt ~~f!i$e 1£1 :M~·S:O...W ~ Bc>lvm:1GU 

. anti t:he mllb.ili.ty o.f ~- 'St~~.[Ctw:G ioo:ee.l~ ~it Oil. the Ot;bel: 

net~t. axe not. sol..,ate<i ~o a- ux:eat: elt't~.t.t. --~ the -~~dM:y sol:v•t.~ 
~ . . .. 

~oo•- wJ.:tl ~ t.l1so~ed 'le~~9 ~o·:a ~J:e~ ln. SJ..o.a .va:t,ues and 

in~-..e in ent.J:oJ;¥ solva:t..ton ·end ·the -l'A.')b.ili~y · o.f ~owh · Mo~e~~ 

the ·es~rat.ur<:i induced ch~e 1.n vl,.s®S-itl1 ~. , :ions· (QJ: .$ltro,py 

o£ solvation- or tMbllit.y of -1QDS) woula be ~ p:rono~ io "case 

ef · ttmller .tOllS then ~; dM(l oil. th«t laJ:ger .tom.t.· sq: th~ .. ~ure _ .:18 e 

elear actrelat.!oo between the v.tseo.Gitf' • en.t.~Pf at· solvation &'14 

-te~tature de~n&int. ~nobility _ ~- _ .iO'-Ul-•· 'l'hUS', the J.on.te -~...coef'fi­

cienta aoo · ent.J:o-,tly· ·of nolvation. . o.e. iGM haV$ · -r1Qh~~Y- ~o. used 

as- prob~S of. ion-t~01vetlt. int.ei:;'OOt.ion.S ~ a6 a <U.x~ ~t;!t.iCO 

· Of ~ruetttl.tl malting :ana etruce.~ ~~l.~ cbat;oo.~etJ;~ of. !ens .. 

·'roo line~ plot o£ J.oolc ~et£-ici-ant.s · agair~ t.he _::autos 

·Q£ -~~il.1t:f-~i$.doa1t:t !>~o&~t$ at t.<tTO t.e.ilk~aarat·~ ' a mona 



, .... 

-~ 

sans:itJ;ve v.'iirieble t.nan ion.to mobil.t.t.y l ·b:ir 0U1:ne".f76t 91 cl.earty 

de~nat.rntaa a close re~a.tion bet"tteen .tooic a- oceff.:WJ..q;nta end 

ioo.io n'Vbilit.ies. 

Gu.J:ney- also derocnstxatoo a clear oorreletiro betwe~:a the 

~l.ar em:.ro.Pif o.f solution valuaa t'lith B-aoe£t:ic!icnt o£ $alts. tte 

Ioruc.n valu~a ahara a linear ~.lat..:l.ooahip w.i.ti't t..~e ~rt.ial l."ft.')l~r 

So o o ,., s 
~ = .) cut-- jt ••• \3i) 

translational and r.~tat.ionsl.· entrop.ies· of:. t."'la· -g~eous :tows). 

. Gurney ~~ned a t'ingle l.incsa!: plot ·be.t:t~ -ionic eltropies and 

iooJ.c n coefficients £or al..l. l:tOtt.J,)atomi~ :ions ~ equat.iag the ~trow 

( -0 } .-. S 5 . "i """""'lo-lat:ll"!'-1 ,._ "",...,i3 of the. hyd.r~n ion E~+ . ~o. "":' · • · ca.... ,........ ... -~-· • r.~._..., used 
71 

. the ~nt.ro?t of hyd.r&tion to eor:a=elate .ionic n ... va.lues anti Nightingale 

sha~ed that a_ aingle l.i~as: J;Olat.J.onship. can. be obtain:e;ad t:Jith it 

94 
~he co~relat.1ou t'la& ut.:Ll.ised D:f J:~b.raham et. -al to assign 

ll:f.ngle-.1~ ~coof'f.ioients so. that a plot. a% t~ s: 95
•
9
•, the 

ele~rostat.ic ent.ro~ of solvation o~ b.. s~.~S.ii$" the eut.ro,tl.lQ 

c•:nt~..i.but.J.ons of. the tJ.J:;·st. md. secon<i solva~.ion layer81 of. ials 

.~gm!twt. a poinw 't.sl~o .fr.om t.he ~ .. 'or}"'s of night.i.~~le} f01: both 

cat.io:.m and. at'Uons lie on. t.h.e earae cu.£ve or l.ine. (.rn"'~:e. are exce.ll.ent 

linear corm,lat.ions · bet.t4~ 6 ;;"J a~ t.:l s~ . a<:ld. the e.i.B9le .ion . . . . .. e ""' 

n ... c.oeff.icient.s. !3oth ·entropy ar.i:t:.~r-1$ \ t.:ls.g and 1:1 ~i.:t·z ) an4 



.\, .. 
-~. 

-.1 
. l. 

+ !i'! + :.O..ft + --A B-ion val~ .ind.ic~t.e that. .in ~at.ez: t.iae ,;icns :t-1! • ..,a ·t' ~:71 rnA~> 

1.:"'- a~ net st.ruct.ure-t~ers9 t;t1e ions tU)"4·o cs"'" ~ cl-~ Br;-•· .1• anti 

ClO~ ·a:te stll:'u~ture br~ai,ers &"'l<!. t{""' ifj a bo~r-lJ.ne CUlSG• C :ttl 

~aquer.nl® sol.vent.s ;forma.m!de, ~net:hoool~ i.t-methy'l-for~na~ilide1J 

d.!mt!!tl!Y 1 furunmi.da~ tU.irethy l sttltmo~id$ and ac.."0t00itr.!l$9 all t.t\9 

above J.ons i!lX:e attucture--tlakers t"~ith t.he ex~Ptions of the ~$alt 

struettu:e-oreaking !01'6 c104 ln .forn'k''Maide a~ the bo~.ier l.!tl~ 

cas®s of c1o; in met.ba~ol and x6' in formamtde.J• 

.11\a.sunlirl!l;J vJ.nc:ous £lt')'fJ oo a. rl1lita ,)l)l!tl(..~_5s 9 the v!$¢amity ~ 
91 cnn oo r~,t;},ti~ .• ~t:.ed ~ usl.~ li.)~r.~ ep;?roa:eb 

£v~sj1Q. T 

~ :: A e. = c~ .~\}) ~Kp 4 c: jr<T .... \34} 

-:: (~) ~><-\.-.. ( c:l\-\t _ 4S"') 
~ ~ ~~ ~~ 

umu..~ Ev is is the G)!~er-.i.rretU:,al ene1;gy of ~iv~.itm tilU~ .is 

• * * ueter:nU.ned £-r~n a plot of ~ '"')_ ~ einst. l • IJ. o i~ a and li ~ a:e:e 
I 

t.h.e fre-e energy ent.hii!ilS~ and entropy o.f act.ivat..ton rospect.i~. 

The prrdi>lem it;l tiealt i·n a tiU~fet¥""ent. way by atght.;Ll'lQ'~.le 

.anl ~enel(. 98 t~ho caloulat.ed ~oo tJ'l(Z'rllJogynaidc.s of v.tset::>U6 flml 

of saltr;. a.rti ions in aqooOtt~ solution. EvJ$ v~lue am ~ dete:r­

mi~ u0.in•g t~he Jon:~a...Pole eqUQtJ.on · ~gl~ting the &.ci: termc. Thw, 

\<. 
d-l~~ 

R d. \m '1lo R d.. (ltJSc) ;-c:t ( ~) d( ~) -I+BC: ~ d.(~) 
41•• (35) 

=/=: 
==/:. 6E -::/= 2.8 

~ (Solrt) - .6 E '"l'to (Soh) + [l £ v ••• \36) 



: .. 
6 Ev c..~ be Jnt~~r>r.et~ as the ircreaae or decrease oiE tl\e 

activation energies for v.1JBC~ flow ft:.')r. thf.l) pure solwnts d\8 

to the pr~senoe of . .ions i.e •. e.f!-<(]ratiw JJ~loonca of .ions ·u.r?M the 

!V.iaQous flew of the oolv~r1t. ttolecultii4il.. The ectivat.ion ene~ f0r 

vJ.aCQus £lOA .in a pw:e l.iqu;id can be in:&@r;tlret.ed ~s t.he e~ 

-requin.'<i to tJC:;cUpy the v-olume !:nto wrt.ic'1 the ;.~lecule jut.:1l?S plus 

t.h.~t r~{!u.ir~ t'o bmal' the :boJ'd w.ith omer r~lecules if the l.iqu..:kl 

"$1ru:.tll. oc~<~$%~ to t..be nunba,l!: o.f the aolv~.:ut nt)l~oules-. t.he eontri­

luAt ior1 of the .ionS t.o U&.e vacou.a f.l~ o£ sol.'VBnt m;)lecilles would 

t:;e generally amall• 

v~akins et. a199 have suggested ·en· alt.emst.i. w formulat-ion 

b.'lis® on trw trarl!lition tre~.ttaoot o£ the relative viecos.it.y o£ 

eleatrolyt.ic soiut1on. TheJ suggestad the: follmilng eltp.ressial 

·+ ••.•. (37} 

Vl and ~ are the pa:r.t.l.al t.'ialal voiumea of the sol vent md 

.molute respact.ivelyl 6. M. ~- *1s the fr-~ er~~JY of ~t.i vat !On. fo,;: 

v .!secus flO' £-let: mole of the sol vent. which J.a eq~el to 

./\ o-::J= =I= c~·-
4--.J,A/ = 8G, = Rl k _,V,_') 
- . 'h N 

••• (.39) 

O::f: _ ,o::f: . ---
·me qu.ant..ity ( ~ A..L 2. - l.:l M.J ) .1s t.hta chang~ ;itk ·th~ act.J.va... 

t.ion energy ,per ~l.e of tho solute or~ J:ep~eeitll'J one mole of aolvent. . ' ' 0* 
by one mole of solute J.n an ifilf~~.itely dilut.e solut.ioo• 6,A. 2 is 



~-
o'f::. 

t.ll.e iolfd;e aet..iva.t.ion ene~\W at;. :.tufift!.t.tJ a;Llut.j.Qn:. t6..U.1 )has t.h~ 
.:f=. 

SSt!~ ql~lit.at..i- .m.igJl'ificance .as thet of .L\ sa-bUt. <1lUlllt.itat!~Vely 

l~ :a As i~"lO'>'.lll at. varicraa te;llt~a~ura-&, we can oalculat;.e the 

idn.:ta oot;tvat.ion tmt.rcpyand. t:he ionic ~.f.vat.ion enthal._w! 

••• (39) 

'the .aegt~..rat.ion o£ the: theri!.\?dyuar.ilic va.lwn:.1 into ion.tc val.ue.s 

are baaed o~1 equa~ity effects .for the K~ ·and cl- ions 0%' s~-

eal (-i-¥?eJ .... sut~""' ~owo.. In aqu~s $elution, both T.6s0
2· * en4 .6. Ho :/:. 

~ 2 
ere posit.iva for L.i.~ .t.e-o the format.;Lon o£ t.ht'il t.ratla.it.ion at.at.e 

.1.s as~ocieted uith bo.tll'.i or:a:akmg and a decr~o Jn order whe~:eas 
"" O:j:. ·· 0 -:j: 

for: cs""·, I~ sa and T b. s 2 aR .&wc:.;;~t.ive .i.-e. the t.r~i-tJ.o11 J.s 

OOti'Qei.at-e.d with bond .... matt.:tng m.aa J.ncrsase .in orde% .. 

'l~hia ;aspect of the prOblem hruli been dealt. e2tCiMi v-sly 'i:i.f 

!:}tokes and i"iills15• The ions in solutiiotl can b~ regarded ·to be 

riqid sPher~s .6usr.JGnc4W .in continuum. The hydrodynt!;lmic treatment; 

1,resented by EJ.nst.e.in.'8 ~ads t.o the equat.i.on 

••• (41) 

.in case of snla.ll volu•re fraat..ioos o:f Sflheri.cal particles ~"he~ 4 
is the volurr.u fract..ion oocu,::>ied by· the pa:t:t.1cles. 



__ ,.__ 

100 
!·~od:.ificat.iorw m: the equation }\ave bel?lQ prO,tJ05ed by t.i) ~:tnha 

36 
on the basis .of dc:wart.u~s f:co.:n spherical sh$pe an.d (J.il Vaal · on 

the basis of the def(ln..iience of the flal pa~t.et:t'lS sound the neigh-

bounng· :particles at il.ighor Ct."llloen:traUorts. Mow.c:var .• con!fideri.ng the 

dJ.f'ferent aspeota o£ the problem, sphorieal. s}la~ have been aesu:reei 

for c:J.eotrolyt.e~ h~vin~l h',id.t"~ted lolls of le.rge .ef.te.-ct.i:ve si2e 

,,partiCularly golyvaleut. mono<:lto:'Uic: cat:ioas) ... ~"1tus, "~ have · 

fro~(~} 

5-:i.ilca n. ~ c t.erm can .be UG!J lG:Ct.~ .in ca~~ar.taon t<~it:-1'1 BC ru:td 

c:p =: cVi where v .1 is the parUal molal volume o£ ~'\'le ion. t>ie get 

rn t.~e J.deal case• the n-coe.fticieru;. J.s a linear (utJCt.ion of the 

S(.~lute !:>art.ial molal volut~ (V J.) 'i~.ith ~lqpe equal to a.s. 
The 8.;. can be equate(}; to -· 

aLi.StuM~ th~t the ions l:t~have 1:..11'~ ;r.tg.ui S£,;,he.aa with en e.tfect:iw 

radii, l~ "P.OV.ing .ill a cont.;Umwao ~ c~leulat;.~ us.ing t.n0 equation - . 

<~w) should be close. t.o Cr;{..$tallcgr~ib.ic rud~l. o~ cot:·r\.':ct~d ;:;t.oke•s 

:ra-::1.1.1 .if th~ .ions are acamGl.t solvat.cd and ~haV~ aa s.vherical 

-ent.i.ties. But in general, 1\.~, value.a u.f the ia1B are h.igh@r tha'l -



~-
lthe llllli'U:lt$J: '\) of zol~IOit- roolocul.~ bo~ to the J.o."l 1n th~ 

pr!•t"e.t.'N'' solvation shell. can })ex e•:!S.ily r::-al<;u.J.a.t.e\1 by co~aring -t.ba 

Jonzy;s-_t~ol~ equation ~ith t{ina'lt:ei::a• a etf'..lat.!..or.~lOl 

.... (4$} 
1000 

1~~ V .1 -is trte molar volt.rma ot the b~ ien11 Vs ttw >~'~ar volu~ 

of the solvent. 

The equ.ction ¢45) ha_s _~.-J:etl used by a n\.Ur'~er of ttorkers t.o 

study the nature of solvation and solvation nurn"be-r. 
~inst. Thus, it is n.r>.Pat:E~~nt that the B,:ton can be :easi-ly calcu-

lated leading to the determil-lat..lon of structural ccntrJ.but.ials to 
t'Jt:.r 

B ion as m:mifest.ed in t.h.e cheng_e of solvation o£ .tons .• -

------

the ~iscosity measurements -in mi.~ W..llW11:t& may well t.hr~ fUUdh 

l.i!jht. on t.ha: natur~ o£ th~ :s•olVl\lt.toll -tu.~ .ion-solvrJ:i"lt:, int.eraotlet}S.. 

l.n e~t., .in cases o.f blnaz:t.l (1~1-xt.-ux-es t..~ at.udy o..f a-c~f:fiai-ents 

of el~qtrolyt..es can p~oviae uee.t-?,Jl. .i.l'U!orm--at..J.QQ it$ re;ama t.o t.be 

strootural. ·chan-ges in water r.thenbt.he co-solvent Ja aatu.--a. :tu · oJ:der 

to do thiJs, it. 1e ·worth. obt.aini.ng", the ionic v:alues o£ tJle B-coe:tf.t-
l • I 

cient.s of the a a lt.s J.n ~ solvents. it~- \~oulc:;i- ~hv.s be possible to 

calculate the Bo~o coetfic.ienes of t:tan.."lfcr,. defina:t as ·-
6. s;,{J- = S:-l! (wa·t.er ·+- co-solvent ~x~ures)·- &..,. (wat.er) ... ... . .. 

••• \46) 
- '·vi.scos.tt.Y tW.asuro;a;;nt.s.. in :niixoo solvents have been oarr~'ld 

S3 61-67 
in recent years ·• "" 
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co®uct.a~ me;fjaure1ralt. is ooo of most. accurate and w.Wely _ 
10a 1oa 

used. physical met..hws tor -m~s:tigat.ion o£ alect.rolyte s-olut:J;ons• _ • 

"l''he me&'"lu.rer:ent.s -ca.'l 'oo made :iii a Vi;'t:iet:; of s;:)lvents ov~r wide 

r~nges of te~rnt.u.:t:e and p%1$:~$'.-~e and. ~"l di.lu.te- ~olutiens ~frMJ:e 

interioniO theorle.s e.re ~oat. applic-abl:e. "F~;;r~ul!mtell!_. ;for us -eccucat.e 

theorJ.ea of e~ct.rc-.lyt..ic coalua.t.anr...:e ~ av~iltble t.o e)(?lain thet 

reatll-ts evea Ui!t.O a e~oncentrat:.~toa -ll.mit ·of 1"~1 (k a P-ebye-nuo~el 

· length• d dl &maLt.y ·of ~{}lution l· ~~eoent d~vel(;)Jt:?rrent. at ex~~;t.~nt.al 

tefj!b;:iit4_~e .P:t'~,}\1-'.i.dell an- •nccu:rac~t -to_ the. ~x-t.~t. o.f_ o.Ol% or ewn il"C<.r{ii. 

canduet.~ ft~esunJ"'~;;lta ~oa~tner with t.t&'lsfwmnce o.ut~.r dat:er-
. . 

v~lue.a. ~he_ a~0f ll•iU.tat.ion* 11a.sev~r, J.$ the co'lligilt;i'ie-l.ike 

t~r;ure of tJt0 inf-orma«:..ton obtained. . . . 

cmlCiucta~e .cte-asu.re"'-letlts 

i) t.l'te ~ility "• the velocity per unit. ~.1eld atren-:;tn 

¥3.!t.h which t~e iatls· move -~br-ougb solut;±oo • 

.til the V3r.iat.i:on of electtical toob..Uit.y w .ith coooent.ra~ions.-

These infortl\etion to..:J0thor t-Jith t.rwory en.able u.s to calculate 

the~m:;:;dynamk: associ~.icn c>lr t1.15aoci.at,ial coxwi;&"ita-• ion-:~.ize 

Pa¥'ametet:s• aolvat..:ion nu~:r;:, ~tc •. 

HO".JJ~ver.t the eh;:;:..ice and e.pplic~tion. o.f t}}eoret.ical eq~ationa 

as well as equivmnt and exi)e;ri~nt.a.l te.cn~.:l.i.q_ues, e;e of great 

.:h%~ortancei for· preci.~ m-:asl~r6.i'aentsl.l 'the~ asp~t:.s ~v~ been 
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review~i10~.ll.O • The (.let.alls all~ o;::l!ttt?..ti f,;t: space ecotlG>1!f• 

conduoearu:~e meas.uret~~~s g.ive ·t.W e<l~d.valent. candtact.anc.es of 

solut..iq::;us Jahidh are dapon:l\i.Hlt ,upon iSi01voot., t.~Jn~rat.ure., pxeasur& 

and tl$$ atr@n;;Jtb o.f t.ha e~t:jc~nl fie_ldo 

o.t'ne sol.wnt. afj;ec.ts collilUCt.anc$ tiuc to .its viacos.it.y 

{J:!iih."'ldat.n t~ m~ioo of icmsl, diele¢ttt.ic coost.ent \ecnt.rols the 

e:f;tacti~t> field st.rength ana. inter.ionic ~ent.J.al aff.eat~ J.on 

velocit.i.es,_ .at.t~actJ..on i:.let"A!een .ions th.e:reby the extent of .ion­

P~iril'l9) and .its spee1:fie interactions w.ith :l.$U3 (nffeat.-ing both 

mobilitY' and association). 

variation of temperatura OJ: p~ssure chooges t:.he viscosity• 

dielectric constant .and dens.it.y o.f the aolvtlnt. ~n ~tion, tem­

t,."er~ture .is ~ro:portional to the- thermal energy e.f both ions .and 

solvent moleeulea tuld thus a£i;ect.n .interact.ioos among them. High 

closer to;fet.i'v3~, thus chang itli:.J ;tnt~r-ac:ticas smoog th.ero. 

~.ing111 stre~"$ed t.fle; ifiportance of the follo:iifig .a91;,ect.$ 

.i), t\Ccu.rate tef~erat.ux.-e contl:~l - J.~ t;.eu~-rot.-ure CQOtrol 

of o.oos 0 i.s rw-..,tuLred tor a p~ia.ion vf o.O]S(l,. 

capacitance coupling bat.->t~een the leads oE electroo.eo, the solutioo 

and t.he bath~ 

1!1 EX®ytional. pw:.1ty o-£ solute Md solvent~· 

iii} ;..vo:idane;a of palar.:tsu.tion. errors ard preci:?i.iou of t.ba 

eleetr.ieal measuremertts~ 

'l'he i:~:tportant asrJCcta such as p.reparat.ies"l o£ solutione.9 

bridg-es and oondootaooe cells have ooen em..~l1aoiaed t1".1 '!! nu~~r of 



';!/ar!~rs., The theory ·and de,sign of alt.ernat.!ng cu~:nm.t br.i<lge& h~ve 

. 11a.au 
&~eon di.scus~ed in det.n~·ils by Jones nnd Jo.e~.L~lit etc • 

105 . . . ~ . 102. 
Shed1ovstq· · ·• mv;"ns end .. {~s.ich o 

s.uace the conductollatric methQd pr.iifJ>.:li:'j.ly depends oo the· 
. . 

mobility of .tons9 .tt. can be suitably ut.1111md t:o de:bO:rm1ne the 

d.is~-oo.i.r1tiotl constants· tlf weai-t: acids end a.ssoc.:tatioo constants cJ: 

electro.lytes in &.'1\leous,. mi};:ed and nen-att~oue s.al.Yt4lt~· 'J.'h~ 

cond:ucto~tric, m;;thad in qGnji..l!leti,.oo \11.t.h. v.tscoa.tty me.asureLr(lfn.ts 
~·-

give us· ~1ldch. .informat.,ion regarding ~ iotl-.ion and ,.solveut .int.~rac-

:Doth tneorut ical~y a..~ e}L~rizoontGlly· d.u:ri.&:~;t& the .last fift..y ;rears 

and a ntmber ,of i.tr~rt.ant thuo~etia.al.. ti~.!Uat.ions have ~a deri.ven. 

The studies o."l the cQfduc.t.arlC$ v.f :ionophon.es tco:npl~el.y 

diB~iate!i in solut.icns) end. .ionog~M (Cf.fi&~J.lilt.ir~ o£ lle'~tJ:;J.l 

114,115 
tool~pul.es that yield ions by reacting -with SJ.ti:tebla solvents) · 

as a funct.i.a'l of coooen.trat:ton gives t.he cond:tJCtanee st. infJ.ni.te 

dilution, th& d.iasoo.iation eo:.ttstants o£· ior..ogens, the ati:S::)Ciat.ion 

CO"tlfllt.ants of .ior&ar>hores ~nd 1n£ortl'l&t:too about the structure o£ the 

,.,. lH~• •,_..e _,_ .a..'t.. • Jl.,.,.,;#·· "" t•. • 109 ;:;..o .... ~~~ ..f..£4 ..... ,e VJ...C••.~..t.t'J/ o:r ·ne ~on • 

't·he: suceess£ul app.lioat..i.o.-"1 o'f the Debye-11:~1 theory O.f 

. . ll:"' 
.i.nt.er.iottic. att,root.;to.n ~!as mer.ie b'.f. orma~er 0 

. in deri. ving the 

Kohlr'aUSch,. s ~"lUat.ion 



.. • 

-ao- · 

rei}rurdOO z!S r.ig.id C!ha"'goo rJ~r~s .in t:in electr:ost®:tic: Gnd hydt:a.­

dyrtamic con.ti:ntium .i.e~ th~ sol~~t.117~ l:.tl th~ euuseqw.~:"}t yealt'a1 

llS .'"!! . ~ . 1 lnc:<?)lOt7~ll9 . ~-"li ~- .,, P.itts (1953)- · tifl~ z.~uor.~ .m-. Otw:a;;;Jcr -~ _,~. K . .UM.e~t:ieant;,y 

t:torked out the so:tt.."ti.·t:n of ·tha Proble~u o£. electralytJ!.! condoot0nce 

scaou.nting for bt:.."t'h long-range and short. roog(ii Jnteraotia'l..S• 

However., the /\
0 

values Obtained for: the conduct:ai'IC& at 
ll7 

iuf.in.tte cU .. lutlan us::i.ng t?ugs~sa3er thttn.1xy tllf£~md eens.ider&bly 

from that oot.alned tJ$'j;fig i;).itt. 1 ~ theot:y am tl\e tiGr.iv~ion o;f t.he• 

1fuoas.....Jtnlaa:c;Tt~-lt ~:~uat~l was qw;;:at.icnm1-o3f1 12'1)~121·co '.fhe ooservat!an 

"ias o';¥tlf.trt~ ~, ~~-Hs.il!?Z.a,.. me o:r_.k.J.ina:a. e.o. eq;uat.j;on was 

<no.::U.£1cd by· FUoss ai,':ld Hs1.a.J.4l t~bo recsl.aula~ed. th~ rula"";.<r.iit.ion 

:f~ld,_ r~tainin;g, tho t('Zi.::ms ~1h.tch hw @t:ev.i.ou$1)" be<a.."l t~~ct-00.. 

".i.l~ ~'qti.m.t.it;)n us~;.~al.ly ~-.l~loyw $.$ a£ the £o~nl.03 

0 
1\-= 1\-

••• \Sl} 
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.... (63) 

.... (ei4) 

:tncon:plete and in ·sone cases f~-il to 1L1t e.~r:i:ront.al aet.a. so,ne of 
103 

these result.s have lle$0 disct.mf~ed elaboJ:ately by t"'erna:ndez-t.,r.in.i. • 

~urther corzeat..ion ot the eqtUlt.ial (52 i ~~e:s- 'uade 'at .Fuoss· and 

i\ce~a,c1na107• "l"1'ley tool-c. intt:l cotls.U-Jeration of the c:-lmlge it'l the 
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:r,;:i~ moot. oaoos.$: n~eve~:. J 2 ifi mar.ie z.~r-o but. tbia leads to a 

S'J'St.em.:!ltic de-viation of. the ~>erina11ts1 data from t.ne t.beot:."etical 

equations. 

It has be~n observi.':.-d that· !.3itt•s equni:oion g1WS. bf:ltt.er fit. 
12.6 to t.!1e expet:'irrental dmte in aGiueous aolut.tons · • 

ton •iu~.soo.i.:-~tioo; 
C • tl.a;l:at A f .. ... & l r•.-n 

The equ&t.ion (65) as gJ.ven .abov-e success:fully r~pr;eESent the 

behaviour of can;'*l~tely d.iss~tw elec:trolttee,. 'I'M .Plot of 1\ 
~ 

aga.inat c·i~ (lim.it ing; onsager ~"'Uat..ion) at."S. used to aosigA the 

d.ieaoo:tat.!on or associat..i.on ·of eleetrolyt.es. ~rnus. U 1~ 4exPGt1-

if'.ent.al} .;tc graat~r t.l'uln A (.~bQotretioall l•e• 1-i: poe.tuva d.Gvmt.;toas 

oacut \ascribed t.o $h~·-rattge hard-core ~pulS'J.ve .interaction 

bat~t.cy;ca io.mJl, the alec:trolyt.lll may ~ ~:egarded; as co:n;>letely 
. . 0 

d.tt!1sociated bUt. if negat..i.ve ~vie;t..lons t t\ :-:x:Pt. (. ·I\ t11e0 l or 

positive devi-ations froin the onzager Umit:L'lg tangent. -(<>\1\o~t- f!:> l 

., 

elect.J;ostntie .int.ert!l:<::t.!ons are ,lel.'"ge eo as t.o cause ~s2ociat..ion 
0 0 

bat.1veen cations and s.."lions. '!'he diffe~nce Jn i\ (e.lept;. ) and 1\ t t.heo) 

would be cons .. t.dera.ble with J.rcressing asec:c.iatioo 127 • 

ConiUCt&"lee !OO<aSUre;~nts helps US to uet.er::<in.e. thEl value& 

••• (ou) 

••• (61) 

••• (6tU 



-

~' : :. 

T(e) 

1\ 

'l.-

c.~"± /\ 

TC.i!-) 

and -'- '= S 1'7) - I ,.., + ·~'- ~3 
T(-z.) - \..c- - + z:. - 2: + ~ -t ~ ~ - ... 

1.'he 1.,1~ of. TC'~) f,, ag~st. e¥±.~1\ /T(2-) should oo· a st.ral~ht 
l.ioo havil'l(;J ..!_ :tor its i.tlt:.e:r:~pt nt~'l K.~ __ ~ \ ~ l4 t:or l.t,S slozJe~ Nha.n 1\0 . - .. - J'<., 

K,t~ is 1~e0 t.bere wi:1~ll be catl~.lderab~ Yfieell:te.in.ty ill t.be d.et-er-

rn..txll?sti.v-mlt~s of 1\0 and.~ .. £:1tom (69}.:. :rh~ l.~uos~ls.ia corl);lootaneG 

r.;r;au.riitioil for as.o~.iett!d ~lcr.ct.ro~yces j.a yJ.:ven i)l 

f\-:. A 0 - s J C. ~c) <t E (I( c:.) tn,_ (D( c-) -+ ~-, lc\ <:.) -"J i (ot. ~)3/~1<1),1\ Y±'t~') ••• (7o) 

1.30 · The ~-quat.ion. "'~s- mo::lif.ied by !1oot.i(!G • The con.auet.~lee 

of SjfJl'tll$tric~1 eloot.rol~~es :t.n dilute $OluUoos ean be m,?~sentefl 

· by the equm:.:t<:ns 

/\·-=- ~Go- S J@:.c.) + E (Q\ e.) ~ (o<.c:.) .-t J, (I<.)~ C. - "J 2 (.R) ( J..c )312
) 

.... (7l.l 



_l_ 
'-~· 

k'i+ __ \(.;~;\,+Kf<-~) 
-

taje"wnts el:'J.t.J.cal ~~anca)• 

~iX!.ina t.o Justi.~tJ t.h.e if~~bod o£ .f~ing ti'l~ 3-c~tie.tent 

tr9• set·&~ 11: ~ q: cle~l:t per;ri.t.~ a J:.wt.t~r-def~ valW* of it,, t.e t;e 
~hll 

obt~a!nedo ::Sin~ t;he ~u~tion ·\111 .t.,s a oor1~$ ~~pans!oll ·t~t~ 

at t.t\9 c,3/2 te£\n11 it "1ould be pre.fer~:te tnat. the :~resu.~~~ ettor:s 

ba ~so~"d • m..'!Ch as J;'}OO;;>Jible b; J ~ ·~::ather then by !t"'' tmose 

thet.lr~~ical inta~t. is· ~atittl:t" as it:. conta;!.ne the 1nr£or:mat;l.oll 

aoooern:lng Sllolt-ra~~ cat.it:m-anion ine~r.:JGt.ian. 

ftOiG, the e:;f'"JileJ;i.mantel valG~S of ·the aGGooi.atiQll ooosttJnt.. 

~1~, 04'1.e ca~ .w:s~ tWQ f~"t1n.~~ ~ ordil):' to d.e~6;r•i~ the dist.amce of. 

clot:;e,st. a.9l~~i a0 o£ t.t'il'O f~ ions to i;or::a one .i.on-,E.:taU•· "f'be 

foll~~:inQ e~mtien has ~~l ii>troJ?Qe~ ~ FU()J:~a13l 

l.n ,a$c:~e ca00s .. t.he liil~.i'lit.ude p£: ~!.. ~ias ~ Sf..'lall. tr;, i4~l:~iltt. a 
'"' '"" -

cclculat.;ton of a 0• ~fh~ tU.st.·anca llara~net~~ w&& tinally d~te~in~ 

..s . . , ... "! ~ .• ._ ~ il:'j. . 132 4r® t.h~ :.uom g~nr:r~ e...1;u<lt:t.on aue ~o ~~ erwm · · 



~-

-~ 

ex~Pt f~ :i!Qlvation in Wi'lich the sol-~a~~ .l.oo ca1 • a~::.v"r.¥:?J¥J.ttl~t.G.d 

fJt:1 e na::-.:t...sphe.r0 t~l· ~be- tm1t~oo hna ~ a~~s£t.ill:.f' ut~U~ 
133 

~ ~;U~~t. •-

\""he eq_t}at.ion (1li$l can be \>nr!tt.~ as 

;{ = ('\ ut- s J""c:. - E e _~e. ·-=- /\0 -+ ( "3 _ 1'31\o) e o I 
1\ -t 'j <:..... 

,g··· (92} 

(:!71~ J2 t.6X€!~ omtet~)c. 

I . 0 
~'~~-•- e plot; of 1\ ~- c givea s st:raj,gbt: line 'irJJ..tb t\ as int.e)Xj~t 

aoo ;:ri or ~J.,.g,{' )as .st-QP®• A$\~'Ym5in9 ~ ·to tJe l'll39llgibl<a:1 al' 
val~s c&:"l ~ ~alaul~ed from. J*-•- 'i"he a0 valu~s. obt.e.in~ :tv t.tl-is 

~ti~~~ J.n Oti!So tle1te t:utd\ Ermm1ler127 .ettaa ~oul~ ~ ~~ct.ea f'~tom 

5Um9 of C~./l~tallo~ltaph!.<: xPAJ.i.. Q:W Qt. t.he ~~~ a.tt.~ibut.OO to 

it is 1Qn .... $ol~ lllt.e.-!I~J.(ii[l~ ~4ch ~ not .t...~l.-~ .in t.b~ ~oat;!-

uuu .. ~ t.~GQJ:y -oa ¥~hlch li:Jle- aora&~t..en~ $qu~J.®.s at:e ~. 'l':"M .itlelu'!'IO 

s.totl of d~la:Jt.r.to saturatc.i~ ~~eultS< . .11:1 an ;tn~~ m a.0 value$ 

\men in c-onf'Crmity \';,ti~'h the cq:s~all~ii:a?hic r.aa.ii} o£ al:kali 

~~al sal.ts: (having ijl,;m,s ~ high s~atte c..~a~e d~t&J.t.y .l in 

sul.Pholnne. "1?h~ vi.a::os:E:ty cdr~et.ion h:~h.ic.~ mould be a 1\ c t~ther 

then GAC} leads to a l.a.rge;::: values l!)f aol38 ~ 5t.J.ll. t;h~ ag~~nt 

is poo):. !tot~ver •. little of ~~ai .Phys.1Qal eig~~..tennce f!ley btl 
- •. ' . . . 139 

:St.t<ilChed to the d.ia.tance gf c.logest. app-ro~ d@E'.i~ .from J ,.. 



--

-,.J .. 
~-

i'3 sl~htly e~~- :ea:Lt,. tn.~ alo~ of, the J:"Uos~~agex> 
I . 

' . . . 2 0 .. 

equation. aft~r co.:~ting ~r: vi~ookr •. becatoos J4~' 1\ and 

ruosel40 bQS Ghe&in ~tan unnt,tainab:te .E~ision ~ ;t 0.001~;-; would 

be Jr:(,.~;u~· ·.to ·~sol~ t.oo ~o t.erms •. :If we asa~ a • .re~eble• 

value :tor the ~~s~ paramat.ec,. "t«l coul.d calculatA J ~ £rom 
' 

the aorrecter.'i ~lope ®taJJ1 a rw..tgh. value of th(li ~aco~'lt..ioo oc-..:'1a-
U7 -

t.ant -• 
·~ 134, <~~- ,_,...,-.y,5 ,.,...,..,._ .. ,...,~~ _ _ ..... _ _ .,~~_.., .. ..,.,""' lfJ;N __ .,......... .,.,..,...134 
'.:~S ..w4 ~~.«i · ~..,;~ a O~u coo .... ~~Qa- ..;:..;lliU~~• nv 

' ' 

_ wh~cb lt-e£>1~· th~ Q].d «rtm.t!ions sugg:ast«l by- suosa a1-d c;:o---aoZk.e:t'i$ .. 
- ' - ' 

> 

.:til .fl.le i:~at ShGl,l ~- near:est _ ~g~ ·icoot~t pa.ir$)- wJ.t.h 

h,:J·~- a. ·7h.t) n~sst ~igl\boUr~· t.o a contact. ~aJ.;r .are t.be sQlwnt 
• ' • • - I • 

~l~U~~~ Whicb form re CQJ.ll.t a;rrouwi the pai.rs. 
' ' . - . 

_ (2:) _ ThtlSe w.!t:h o~rlapping Gut:ney oo-Sr~h.-os (sclv-ent. s<a,patat~ 
':' . . .. . . . ·i ' ... 

_ pa~l. !£~_these 'h.0-h (o.+'\'ls) 'ehere n .1$ ge•xell.Y ~ but. r~ be 
I . . 

2•3 ·etc; s ia thG dt~rt\tlet:e~ of a spneJ:e co~uondi.ng: -to 'the 
. I . 

j i . . - . 

a~e val ut~ \act-t.l~l plus fteeJ PGif: solv~t tll::ilecule. cmtact 

Pab:ie fortn bJ' a sequence of 1.<:m-$0l:vem. sit.~ itlt.emil~d5 .tn.s:ifle 
1 

the R-.spheres,, until :two iona of opposite ch~g-e ~otB£t ne~t 

oo~nboi.trs.-. 

\3 ) ~~ 'Which ·find no other; Wl9UEred 1ca1o ·J.n a sm:J:"ountl.tng 

;S;p1'tere oii r~us ~. U,be:a:e a ia too <U,a~~t:n: c£ the co...sz;>bere 
i 

I 

I 

frwrmal ·~~~ :end :int.eJ;isnic £.~ es:t..ao.tu~ e sttn.i.v$..1 
I 
I 

at.at~, r~Pr-~r~ed bt the GqUi1J.1ld.~• 
·I 

i 



-~ ' 

. -

~ 

.i'JOliV6lt-s~p&J:ated. Co»t.~t. 
Pait iYaa 

!~ut-ra·l 
:Jole.eule 

cont.aot. l1l'tirO of .i.o;'l().:'Jens "~1 rear~ooge to ®Utral lUOlecul~ 

~· a-~ ~l e.g. M71J+ and at3coo- • r.~t. 'Y b0 t.he frru.:tion ~ 

sol~t~ present. as· l.mp~'L~Jd ''tt-> Ri :.tons. 'I'ha e-ooeent.rat::iiilrl. of· 
' - - - . 

un.;;!J!!J.:ec!\ ion is c Y ·1 ij; ;,c be the .fraction of paired io.M \ n ~ R 1 t: 

t~Il ttte ooooentrat;.iat~ ~ tha SCJl.'\r"'a~Se'paratOO pair iJrJ. C(.l:-. y'} X 

( 1- o( ) a.w.l that o£ CDnt.tct pairs iS c{C. \1- o'\ ),. 

· ·,..rhe equi1:!h~:ium eonst@nt.s f:o: (17) · al.'"B 

-- (7Sa) 

vaira. b.f. difiullia."l in ~tl.U out. Qf spheres o~ dia~cet.er R -around 
. ' ~~ .. . 

cat.!otia e;;td can .be aaleulabl.e ·by ca..'lt.iautJm "• ~t2 .is tn~· constant 

desOE:Jb.ing t;.he $Peci:f.~ e.hort•re.nge :tou-~-olvent end . .ion-iQn 

J.nteroot.ions by, \iillieh cont.t:tct. pairs :Zo1:m t:\nd dissociate;. ];5 is t.h~ 

. difference in ene~t ~eb\fee:t~ a Pa.ir .tn the states h: l)j;· R} and (r 1$ 

. a), £ is rr.easul:G:d in units k'r. 



J_, 

·-f 

The et;ltlil)tioll det.~rmin.et> the Q.Oi'!Ciint.r~;l:(,tl,a'l of e~,u~~ i~· 

l-lhic'h prod~ loog-r~e ira.t.elZioo.io efiect.s. ".t'be contam. paJ.rs 

reect as ditD'Olets to an extc~ field ~ and cont.rlbut:Ja oaly to 

changm~ curr'etlt• tsnth cootaat. pairs rotid. s~.llVerlt. s~pali."'at~ :p.e.d .. ~--s 

ru:o .felt. os virtual 4ipoles uz unpa;tr~ ioost their it1~eract.ien 

with .un~::.tei.xe4 ions 1~· therefQre nsgle.et«i i.n caleulatit~1 long )!~e 

I\ '= P_ [ 1\ c (_1 + 6 >< 1~) + a " e. J 

whicla is a tln:<..~ p~.lr~<r.et.~r ef!uati.on /\=A. (C,/\o :.~) Es }ill' D.Y./X 

'<. o, t.hQ mlaxaUoo .f!elC\ ~A:} and~/\~(<. o, tM elect~:ihox;et.Jc 

aoonte!l" cu-~t, 111,) are long-ran]~ ~.f.fect$ due tc ~lect.;rostatk 

interiol''li.c fe~cea antt p i.G t.hel f.t:a(!:t..ioo of solute which; coot.ri~..ttes. 

t:o cmduct;c.u~ c~-antco R .1s the ~L'U.i!l\~e~ of t.he surrs>J eo-EJ;..:there. 

~.the Pk'U:t'aifib't~r: ~ts {or E3 j illi a catgt~ll .for all sho:rt.-range ef~t.so 



--~ 

~--

because K.s )')l.. 

"rho !Jara~ers and the 'Yar.iaDl~ ~ rel.at.~ by the set. 

·<( .•. , ..... 1<~ :c,{i £.2. /(.l•~) 

L(R • (~ 7\ NR3 ,l-}Sxp. ( (3 /!((} 

fJ._' .e.'2.. ,__,_-
. D 'R\ 

j 

.... (.Bla) 

.••• (Slb) 

. "nle details C~f tl\6 calculattmw aa:e pres.ent.e:l .lt"l the 1918 paper •. 

~ ~hort. comings ill£ -Uw n~.tow equatiats have :be&"'l ~U.lEd 

1.~ t.hff 11l:'esent equat.ioo -wh.t~ is· iDCre genet:al 'th&tl tl\$ ~:r:ev.ttn:s 
•; ... 

equBt.icn~ ~can ·t;:e used in~- hJ!Jhea: cooc~tJtat.ion J;egJ.one 

(0.-1~ ,.tn aqu~ua .eol~J.on~l· 
\ '; 

'the :Ukiiit..t&ag ~uJ.valtmt. t1~1duct.~ of $1 ~J.r,.;e~~lyt~ QM 

ge e~i:l.y detaJ:milltltl &om tM ~or~\:o.icel eqli1a"Uons ~ eaper!me.ntal 



. -
OOi..~aUOO$ •. 1\t .inf.b"Ut.e dllUtiosul,- the tlat.!oo of aza _,iiOfi .ts· Umiteil 

' . 
sol~ly ·by t;.'\e int.eraot.ions t-t.ith t.he fl~i.mdLtt; sol ~nt tin~eculea 

as tm J.ais · er.e infinitely Q.Pa1.:t•· '~.h'd'6T~ thQB$ QomJU.tion$• -t.l"te; ~ali• 
- . . 

d.~y m;. ~:ohlr::-afA5Ch' s .lal't Qf .inde~nt • .-ugl:at;J.~n -of Jbirw 1S alft'OSt 

axic-~tid~ ::r~. 

~ .. t 1.~resent. 1.1;Ut1rJ,:;;y -Ulvalent. eon,d'UQt;aQQG is tne oal.y :fwl~lon 

~·'hieh can be d.iv.ided Jnt.o .t~1nle cou:po.neats oo.inq e)tp~n~t.a:u.y 

a.et~J:min~ tJ7aO.Sport; aamoor of· J.ons 

0 

•rtuttl(.,. fz-om the ao:lUJ:ate value of i\ ~ .1t>rm4 !t. iS pcm&iblo t:o 

SE:PM'atf3 the c;cntr.tWt.ions due to est-ions mld anions ltt t.ile solute~ 
. - ... -. . :141. . -

eol~t im:.E!lt:act:looo • t:f~wt:• iled~te _tlt.$1Sfeeen.;:e Au~ 

det.~f!~at.ian£9 .ara U.-nit.~d t.Q .f~ SQ.lWnte mly~ S£?.11»!42 ard 

<'fQrta tecentllf ~\#tmg.al.$.143 Itave :Ulade, a:gten.s.t;• ~v.ietf4 en t;be 

3~j~t.. 
' 'I,." 

xn the· absence of ~~J.~nt;al.ly (W_ai$Uired t.:r:~~;S~e~ 

ny.~~s. ito t~ld. w useful to ttevelo.p .:i.Wli.JttSQt nst}lQds to cbtaln 

tne .i.o.41c u~Q11iing sqt~!VEll.ent. cowuet~ • ~~an.t.c so;l'vent.f,l i:ol" 

t~ ~e&-imantal t.rant:3f'exence nu1i~Jera £~re- not· yet; e.Vl!)-41~1$• . ·~. ., . . 

fl'!l... J?,\.....o.o-'1 ""'"" ~..... · ~ · ...,.._.-._._,;~ ~if' •-.-..,. 't 143· ..,..,.., ,Fd! ~l'e~!!~f!t as .,-V'~ .t~Gn $lt.'1li:1lS•.&~ -z ~..-lll>~8;~;~ , a.,....., ; 

'- ., .1'·) ~" .. ~ . . • - 144 
• ..:;. ·•• 6\~"( .. iSR eq',UGtl.~ 
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i l44,l45 
~ .{, ~ c!l... 0"1-v •• (S4b) 
·l 0 . 

I· I\ J £1:'\ N ft_~ . 1/n 

~;alden Ct1ns.1Cl.c~E:.:d the pgcdwts t.o be .i.U(l(f.ll_pend®nt of. t.efl'\i)ete.o. 

ture tlnd solvent.. Howev~r. the: /\o _,t-t'\N~·<-va.l.ue~ used by ·~~ald~1 ~.;as 

.:fouoo to d.iffer cotl::.~iQ.eraCl1y iro;t~ the dat.a of aut.sequetlt. mor.a 

prta'Ci~;e 4ittUdi.Gs arn the values of 'i:i.J are OU'>tWiderably dif.fenmt. 

f. ·:·_u;, .,_25- h -~,f.' - ''\ zs. ... en.. - • h ,.,.A :!>.··· l ~' ....... ~: ,. ..}. ~ ~ A 0 ,b~t· - '"'
0 

, S'J;.--t•,3if ~"-~'~s~ Oil t.lt~ equa .&:t.Y '\U. t.ne 

..,,. .. UB} 

/\
2SO ~h"_A _t>'f>-:)c ,n_· r' t 'tuh,'!l oa~ .t 'lo. ' \-.. .1 ,_, -~~~~ v ~~~ ~,~e~~ ~s ouv ous~y 

~1rongl_4G) 

oeo (66) 

{iV} 

••• (S?) 

-k> 14S..JS3 
'v) ~2:• UU4N ... 'd) 

0 
· = 0.208 $. o.oo9 

Oo-206 :o.OO.S 

0.2.06 

0.233 

&'hit ~on.\ _pracJ.oe: t..cans£.;;::renc.a ll't..t¢-et: .t~a6tu:e~-!lents• 'We obi;aJ.n 

·A:5 ·• .au4Lf' ·~ 0= o.au -t o.D02 tuld. .e,~~ .~t.hoo caru&ot. be used for: 



'I . 

, ~ > , as . . -f·· . . JS4 ""J. · 1\o' rt~f:'h.U • )t~t· &h$o; J t'I'k~ equalil;J::·~is ~'iiVm · 
i.n ~30~'00 solvent~ l:JI.ut nQt.· in ot.h~x-s~ 

(rh~ equal.tt.y ho~ gaoo in illi.'t:rob~ena .ana <in ,'fibt.uJ:es 

\-t.itcb cc~ .but ~not :r:e&Uzeli in. metmar.\ol, acet.onit.r.Ue cmd 

tlit;.romst.ha:M•· 

lnBy be applia~Ple ~or the e~ua1 diviS!ml of 

D. G~'Y" (ilJl'J411.S!ft~4) ,but the ~thad J.s m:;t; ep_plleeble tG 

obtain the l.i;;r4,t.1~· ectuivaloot. c-ooduotaucE:l& •. 

The *s.'let.'h.O::.l a-v1~ars to· be sound as the ll~::Jati. ve chai;ge on 

ocr-on atl t.l;lu aua_u- 1.ur11 a et.:'i1D.?le~ly ~1\ie lded l¥ £oux 

u1en. but.yl. '{iBrO"..:l:P$ ~ .L"'l the ~~J:f~ .iOt:t t~dle tb.i:s pllSno-

menon 'i:Ia$ nat obse~<t.t ..ta ea~ of ~- • aut t:.ho method 

cc.ula· not. be ah~4 d~ to l~k of accurate: t.J:ansf.erence 

···- (93) 
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?~( __ 

!i.t and r .. t = ehe.t.-rJe md cxyst.alla.J:raJ;hic za~U.us of proi.Jer: .:ton. 

'l),o an:! f
0
= solven.t visco$.1ty ana static dielootz-!c con~tant. of 

"t.he ~.ium .. 

h..J = adjustable param:.~er t.ait'..en equal to o.as;.:-.0 and 1.-.u;;.o for 

dipolar non•as::~oaiated f:J;oJ.,-ent.s rod for hydrogeQ.;.lJt~ndcd a&"ld 

However:~ lm;'!J~ dlscrre!)ane1es "i:~t~nce observed betll4een the 
143 . . _ 14,3 'a) 

e~per;l.m;:ntal ar.d calculet.e.d values •· !n a :recent. paper • 

KJt:Um;Jal~ ta)t~Jndnoo the Gill • fl; -ePl;g;oooh more a~it.J.cally 'lAsing acn-

doot.an~ clatti. J..n as msoy as: ll sol -v:~nts and fountl t.he tr~etho!i 

reli-able in. th.l:ee solvents f.if:•l'J• ·.bUt.an..l-ol, OO(;t.onJ.erile ana 

••• {94) 

:r~ has been found £rom transf(;J:enc:e maasur~ t.llat ~he 

~ ~s. .t-:ft.mJBuiSf'" &1d ;A ~5 ~ Ph4B"". val~ dit.:fer .frorn one 

bd.il 'f! • l-;~~f~ = ).;~- , .t-;~m4a~ lC.~ 
The er.[uality is nee provooo 

he. -(97) 
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The H~hoda bti), ()C.!V J ~"ld. (XV) are regarded t<:ll be tho mathoda 

;llhi<:Sh can g.tve corroot. s.:IJ~lo ~ ... :m values for _a:~ oJ;ganic sol,.~nt14-3• 

~rumgal.z 143 suggestad a £.1et.hod f-o:r deter~rd.n.ing the li<nit.i."lg 

_ ion ca&lduct~es in organic solv:ents o~: orgara.W solvent mixt.u~a. 

The n--sethoo iS based on the tact that . laxge tet.¥:aalkyl 'acyl) 

cuiun\ ions a~:e not. eol.vat.t::d in OPJatlic a~)l Vf.mtS .L"l the ~atet.ic 

sea'\se (.t.et.) 'the mobflit.;r or c:a10entratiea of solvent mol~_l;culea 

eround .. the ions is equal to the oones.;.:u:uldill;J values in ~he body 

of the aolv~nt. 9 'J"Jhich are l)ert.u-rbf::d ~l' the infl~nce o£ :fore.tgn 
' part iclea ) due to .t;npoesib ilit¥ of the format:.\on o.f d.cnor-aeceptor 

Comple,(es Of 'i:.he i~OS Vlith the SOl'IJel'at. n\OleC.UleS alld th;e @Xtromely 

'~ak electrostatic ,:lnter.nct;:ions bct.\l:een solvent molecules and the 

large. .ions wi.t.h 101'1 surf<-lce. char.c.Je densi.ty. The J;!heno;:-ten01l of non­

t.:lolvatlon J.a confirit>.ed by \::J~l~o!i:• measureit¥!:tlt. and is ut.il.i£Jed as s 

zt.4j.teb.-~e. 1~1 ior appcrt.-.1~1>1~-:g: ~ VEilue$ into icr.dc compone:nta 

£or tlOn-a~ue()US elect.x-olyt~ solttG..ions~ 

Ct:~as.i.oorlng t.he .~:ot.i.Oll o.f & solva:too .iQU in an elecn .. ~o&t.etie 

-field as. a "jih{Jlet -it :is possible to calculate t.he: ra<:lius of the 

.rovi.t.g partic:le by tile Stokes ec:&uat.i()Q 

·~-
\~\ r-2..-

A 7\ N~ 0 .A.o,·t. 
• Cl. 4100) 
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t~here A is a c:oef:f.ic.ien~ Valrfing from i'i \in ~m c:ase ~· t.Jeri:e~t. 

atick.ingl t.o 4 (in th0 cafie o:f pez:Jfc;ot; slj.i:>.tJ~ingJ. 51nce th.e '6'5 

val~, t.he rt:iial ®aens.iQn of the ~olvat.oo tet.r~alkyl 'artll 

Th.i.s relation h~ baen ve~:if~ using ~~ 'WllUeG &t~t:+l.\ined Nitb 

p~:!.c..e tranG£~ret~e n~ra. T~: l:?l:odttet bOOl'.:.n:~s ealSt.arit and 

i.ooepG!lder:tt of. the cnem.i.eal n!lllt.u~ of'· the oJ;g~~lc sclvrJnts fo: 

·the .1-Pi:~a.-:t ~ttl~~·~ and. ?~B- ions arid ~or ~~~Ut:y·ta.~nium 

rJation~ ~.tare .it~ w.itb n-.P:a::4~·· ~l~ ~:aJ.at.lt~b!P G~ b«~· \\~11 ut!l~ 

to d.Q.t.ers.td.ne ;.\ 0 +of ions .i~ m~e1r oi:."g®:s.lc:. sol.~~'11;.a .ff:t~•n tnQ-
; -

oot~an{dtma ;\ 1h'!r.lUe$• 

I£ t.he limiting eon(.'luct.aw:e of the ion i. o£ en~:::-~ s 1 
.is ¥.n01flltl t.1"t.e •ll'lf'E."Ct.ive rnd.i.us of tl11l: nolvatd i.Qfl can e~.ily be! 

det411rm.ined iE:rotn tM ~n:.ott.es. lt-lW·• 'l?h& volu~ of t:he ~~l.~at.ibn 

enel.JL Vs can ~ wlt"i.t·t.@ as 

where ~ ~iJ:. tha o-,:y st.~l- ~:;atliua of .th~ :t~.~t~ould t.hen oo obtained 

£rotn 

~f.IU{aiu;; . .St;~~· r~J.l~~iol to hold.. th~ .icrlic sol vat~ 

volut~ should ~ obt.ain<>.:d., .~(}us,~ of: .pack~ ·~i'.fec:t.&162 .fr'-1td 



V o . .-.JS-3 
~ = ~o· 6. ""' . . .. s 

0 

:ihecr:e 'v$ is ~:iPX'east;t:l in mol/l.itre ald. ~Z5 JJl a~lg~tr~. Hcrr.ievcr,tt 

e:na ~t?-lOd oJ: dete1tmi~J.~"'l at: S®lvat.ion nuribt;;r .:iS .!lot .ap_plie,at;tle 

2"' 17 l.OS t.o ..toos o£ ~eu .. um s.ize t.l'lOU9h a t.n~ .. ··'lbe~ .o.f ~.-r~~cJ;»;~al · ... , · 9 · a~ 

. . . . . - 161-166 . .. . t'heQ~tieal ®rl:eet.~ms he~ b~n suggest~ to ~r;~e the 

0 

'11\e _limit;i.ng ctmduetan~e )._Lof _WA t;.phe~.tc_al .ion of :radiU$ ~.1 

;:rcv;nl-;.t in a -solver£ o£ diel~tziQ conf!j.;nuu,m. can oo ~Tit:ten. acco~ 

i.IU,} t,(;) f3toket!* h;t¥~1nen~., ~ 

. -
o1:g:a-11ic S<olv.Eint., as t~uld D-e th-e- caE<t.l in ca..~ of buUty o;tganic 

lOl'lSr\p \~~ g ~t; 

tjt'it.sine!t using the equat..i.o.11. ca.~ oo used to obi:;.al..t'l $OlYat1~ n~er. 

'ThE$ fla~lure of too S.t.ol-'les• rooll to g.'!:rze thG ~f':factiw~ s~~ o.f 

the titOl vate£ io..~ fo~ small io~ is i[JGnGra.lly as.c:r.t~ t.m the 

-..i!aappl.ic~.ilit.y- of .States • law -eo :moleoul~~ ;Oilt).t~. 

Robln60tl ana 1~td~aUl811_ tUg..~Ungale"l"l etld Gt.l~r:s 1.6<5--l?o 

1?lot:.t.oo l:ef£/IY' v~r~ ~s• reti -v~·us '"'o"'s an4fxv~ratW ~$ 
s 



'Whe~·-rs .is ~tokes' ;~ad.!us., refi !52: efifecti.ve: taditls of ion .in 

solution \'lh!.eh 1s equal t~;a the cl:',Ystal. :;adi.:l ~of t..'l&. large ana 

uru~H'.Jcl vated t.et~ealk.y·lSi'\ftl':)t1ium .ion a.rld. obtaine4 by cal: iblr:a~.ioo 

l.nvariance of t1rt.~l4en'~ f?l!o:lu~t; wl.th · t.elal-;e.ratut:\3• The ~a of 

tnit.nroseovic V.1<.<3COS.ity
17

,l -~N.lS :1~1~$$'1. ·td,t.h,iut. -~an succese112•173 

b-tJ:t._ .1t. ·has ~n .·.found )
0
t .YJ.P -~ ·GOO~taut (lOfd.)ut)eJ::e .p .1$ usually 

) . 

o ... ~~ for a1itali •net.al or hal;:td.e .io.n.s -~ p • l. tor. the l.ar.g~. 

J:.orutl74 1 17$. 

. . 
heis ·been made .. '11he app:erent. .iQQ.~se .1t1 the ~e~ li:~.iua ·r had ~eit 

. . . 

att1t' .llit.\t.ed 'to J.t:~~i.l?cle pola~..isat1Qil and tn~· ~f£sct o£ d.ielect.ric 
. . . c . 0 

~t,U;ration on n.. ~M de.pander.JCe of tbe ~,~alden product 1\ ?') 
0 

on the 

dieleotr.io eoostlant led Fuotm:s· to eorudder the ~f'e~ o.f; tne 

electrostatic £t1rc.es on tha hydrodytUtndcn o£. the. syet.em, ~oosider­

.ing.· t.~Ae exeess flrict.ional .res.i.st~~ eaused by: the _d.iet~t.rie 

rela:tation in tJi,ia~ e:o1wnt ea~"ed b;/~ ionia u1oUon,. Fuoss proposer.\ 

the !."elation 

or 

0 

..A! = 
-<-)0 

R.-
-t. 

••• (l.G6} 

A -£ 

~1ll9re ~ i$ t.;h~ · h;rdt:edy.ne•rdc radius of th~ J.OJl .tn an b.y J?Qth~t..ical 

tac....tlium of d.f.Qlectri..c- constant lif'here all electroz,tat.ic iorces vani:.m. 



+ 
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1 ••• (lOBJ 

c~:ts.idermg the e.ff~ of die.lt.."Ctri<: rela!ita~ti.on o:a J.on.tc mot.i.M 

'\ .ie the Pebye relaxation t.ime for the solvent R'tOlecul~-s. 

~\UUlzigl6S t-:c:-e~ed the ion as a riq.td $ph:.:;re ~ radius ri 

~!lOVing w.ith ·& .r-Jt.aady state velocity ·v~ through n v.isoous .tqcom. 

pre~.sible diel'GetrJ.c continuum •. "'l"he conduct:ance erjUat:.ien sugge$t.ed 

dielect.ri<: cOMtant.s, }\'i.u.. • 6. and. ~ Q ! for .l;;.-rn:feet. atioJ;.iug a-nd 

~ a 4 ~ P'n == f· J:or perfect sl!-'P!J-Jng• 

.,. 41.10} 

;:}-ell knot>m. The relat.i:Qtwh.i~1'! holdS ·uooa t.o a .r~~&sollable e~~Gll~ 

for caticms m a.t'lrot..i.Q solvent.a but :failo .:Ua aaiSe of an,ions •. 'I'h$. 
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For: compa~!s~ -of results in d#if"fetc.."ltc solV;.tmte., the 
1"18· 

equation C2n oo x:e~&"'i,g{i!d ·as · 

'1- -
0 a() 

2. 2.(_ f ,... £,. ) 2i. e \- ADZ;_ .---A 7\ -r. --\-
.e. ")" I 

'A~ 1. 
'1.9- -(. --r,'a. f:(2£;+l) '1o \. 0 "(. ••• (111) 

It- A 22-
* L - A "~ + D .C: 

or - u .(,. 
'Y:'3 

p .•••. \ll2l 
'(. 

:xn ~~r t.o ·~eat. Z.\l~.:tg•a· t.b:eot;r :t.h~ ~-~uatiGl (ll2 l was 

--~Plied to .,,.:.hatlol •. ~...hanal, ·aoatonit.:tiJ.e,. J:iut.a!iol. ana PeQ~aaol 
~lut.~'l~ uh~e · a®ucet.e Cfm.duc:;it.Mt:e a.M t.ratJSft:t<~~ tflata am 

ave:U·able117 .. 1&2.,16l. ·1411 the plot.s· w~e· fot.:Uid ·to .J:.le -&t~l.gbt. 

lines •. aut. the radii cal.cu.l~t.G"t'l. xmm tba int.er:~s ~"'lu sl~ 

a-re £ar apaXt f:~m equal eR®!>t. .in e~ cas~ t'fere ~rate success 

·;is !1Qtc4. :tt J;s note~ that. the t:elaxa~im eifed; 1s not. .the p~ 

domina~ £eet.c:t at!feoUng J.onJ.c: mob.i.lit.J.es and t:oot tb~e m.lb.tlit.y 

di£ferenc:et~(l;could oo exi>lained qual:it.at.i1rely. :Lf ~~- .mlcroscop!c 

PZ:Oi~tt.ies o:f t.ne .~;c;lv-~t..,. a.tpol0 ~~n~ and flt'ee el•~on t)S:b:S 

were eons..iiie~e\1 t.he i!f~mJ.oant ·£ector$ .in t.he dev1at.ion fi:0.1l 

tiltc~$'~ l.awl4l._ 

:I.t. .bi r&ot.q;d ttl~ t!w ~\':anzig tJ1oo%y U =:l~sbll for ~e 

~rJa~:t!c o~~~ns :tn ar;~ot.i.c ~a m~e .eolv.a~j.Ol4 a 1ikellt t.o D& 

m1n1.tttill. .and, woor~ v.t~ua f:t:,ict.J.on £)~d<X4linat.@ ov~ th~ .causal 

b,y· <U.~lectJ:Jc r.e-laxn:t.J.on.. 1'he ~cn:y br:tJ~ <i~ ~~ the 
' ' 

dl~l®tri~ -z:el~tu;;.:iotl ter.n ~~ J.a~ 1..e •. io~ .aolv~ts ~ b.f.vb 

P1i. and fo~ iotlS of .small r .1 • 1o~1ke en1 can.Unuwa theoq Zt-'ro~ 



+ 

~-~-
. -, has tche .inherent \1eal'"'..nesa of it;s .inab.ilitl" to acc.."'unt. for the 

l$3 
str~ct.ural f.eat.ures · e · d . 

1) :te. does not. el.l0.1 Zor arq cort~lat.io~l lal the ~~r.ientat.ton 

of t.he solv-ent molecul~s as tns io.• l-.>a$$es by and thiB l~'r/T~ .00 t"he 

re~on why the: equa.t.ioos do not a.tJL:.>ly to h:teb:ogoo bonded solvcms164• 

2) T.he. t.heoxy does not cU.st.i·ngu.t$h b•~t.~~l posi.t.i~~ly and 

negaiUvely cmarged .io1u:; and thera£oxn cannot. e~Jl~ tihy certain 

anions in dipolar a?Jtct.ie ~a r.>ossess cont3.1d.erably hiQn~z: mo.lar 

conduct.anoes. than the .fS~St.est; cett:ions.193 • 

The walden product. in ceSFJ o.f n'tih-ed solventa do twt shJW any 
~ ' . . #/ · ...... .., 

constancy but. ·the ¥talden prrouct Bho'iJ o. t<m.1(.'Uru.ltn .:tn caoo of · 01'-'-i:~~ilf;)' 
· ·, · 13$· 137 -·~ . . . · 18S-lf!8 . and n~~:~2o • ,:~ures ana. ot.her at:;tooous binary mixtLl~S 

"l"o der.iva e.nprer.,mion.r;; f-or the varint.io~a. of t.ne ~~alde.a product. wJ.t.n 

the corc~pos.ition Of ttibe'..i ,?olwr &.;}l"Junts, vas:.!cua at;tQi~lf.)t.$l64,lGS,l89 

h8s bee."l ill.;"l<:le aJ.th dS.f:ferent ;;lQdel~ for .ion-nolve:t:at. .tntet'c.~ctions liJUt 

· t.:ti!US Olfi i.etl-tZOlVeilt. .flit.l3raot.J.<m$ 86 ; - (lJ .it J.s (i,Ufi.®~t. t.o .inc.lwle 
I 

sit'lgl~ t~~t:.heltat.i.ea.l. ~,r~ssion; (2/ J.t its not poss . .fulo to aooount 

fox: so.c"'OO s.Pooi.fia PXO!Jert.ies of di..ffereut. kinds of .iO:lS ~m solvent. 

-,llDlecul\.~135 •· Ions .moving in a dielectriC ~fe(litJun · -G:il:Nrle:loe a 

:friction f_orce due to dielectric loss ar:Ls.tng from l.on-:solV'elt 

interaotiomz with the hydr«lynamic :force... zwa.o.z..tg• s e~rsssion 

though. account. for a chaWJe in ¥~aldan produCt. ~-,it.h solv.:nt comp-os!­

t.i.on but does not acc:ount :for the ~~· Rem.~l90 sugg~ted that 

. the rr.ajor dev.iat.ions .in the tJalden product. .is due t(l the vari.at..ion 

• 
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of the elt;atrG'idle.-n!ea.l equil!br.iu.-;-:. ootW~"'l .ions mtd solvent. moleeules 

with the c.~.ition o:f r.~d polar solv_en'ts• X;l .ems~ ~~here ItOJ'e 

t.'han one tyt.JC o£ solvated cau"'""U:l<le-s -are ·.forillSd• there .should be a 

~na~imum ani!{ or a ~1n1mtu in t.he ~{alden p.roiuQt~ Th1s .ifa. GUJ'iport.Gd 

f'ro..-n exper:i.•'!S·nt.al Qbsenat1o.-"ls. Habba.rd ana onsager191 have Clevel.tJl-""'ed 

the l~i.ueti.c them:y of ion-solvent inter~ct.ton t1.i.thitl the fraaet-~ork 

of c•:.-nt. inuum ~~'Ch.arliea where t.l}e con:::.~pt. of k .. tne.tic ;polerieetien 

deficiency has l:leon ialtrcduced. 1.~al B$\\adur il£'4 rtamanamuni US-~37 
. ~~ ~ 

e:tplained the var.iat1on of ~·ialden :i?lroduct \.1t:.t or•li'-H-t2o M4 PMt-n2o 

~ures) on the baaJ.a of hydr~)llQb.k; denyaration of .ions due to 

co --so:L~nt P~~F or· oNr~ g.iving ~.:<cess mab.il~ty of .tons ,prcduo.tng a 

~l18Xi"attm in );~aliien prod.J;.act: ita th.e v.::atox l.."ich .r~.:l.al ~tnez:-e.e.w aclvaUon 

o£ ions w:i.th P~U? or Pl"~ will be more effecUve in t.ha L#liliF o:r· vflit .. 

rich J::t:!Q:icn resulting .tn £urthru: decreas& o£ i~tald~iu. product.. 

!•taoever. q:uan,titat.ive expression is a.t..tl1 a;~ait.ed.- i"Urther 

i!llPt:GVements naturally n'll.ist be in terma of (1 > sophisticated treat. ... 

t~t. of dielectric aatu.r:at.:ion• (2} specif.ic structural e.f£ects 

in vel ving ion .... so1.v~t. .intaract:tona. 

i'..nother .iat,~ort.ant ~net."lod £~)r the deter;Jdn,.at..!.on o£ .i.on..dlol-cn:nt 

intet:tlations .W .b~aed 011 co:-apr~s~ib.ility me:thod• The corqpresaib.11J.ty 

method. may well ~t ut !l.lind to detz{.iJ:m.i.ne the· sol-vation nu~ o£ 

ions 194•201. 

{6~-1-f~) 
. v~'Op T ••• \113) 
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Under the influence of pre:tstmre·.;, the structure of the solvent 

•110le"CUilea beak dct.'Jn .sud the interstitial egaosts are filled u.t.:r eo 

tnt\t the volwne d.ecr~aEe$. 

~aa&$n$ki202 tr~ed to ~pl~ the dec~ease ~ ceh~Xe2S1bility 

of eleo·t.rolyte solutions 't2.i.th !nc:re&St~ concent:r;ati.ol'l. ~e asstHi.'Ed 

that .in p:re~ence o£ an el~-ctroly:r:.u, tb-e klol~t moloo'i.'l.lea ·a%'e .fir.--nly 

held -anr.l ~ulloy co~Aseec1 by the eleet.r.ical tor~ o.f. the ions qf 

the el.ectrolyt.e. The Pheao~on is kno~n as ·~leetrost.trict.!on•. 

~us, the solvent. mol~aules .in the •pri;nart solV8t.iaa ·$hslls • oi 

the .ions arf4 rendered .it1Comp:r:essibleo 

1?assynslti202 ~late.-il the adi~.be't.i<: tJOrrt-,roas.t,j;)ilit. .tea oi 

solution (3 e~oln and tnat of the (tolwnt. ~ soln tq t.ha ~at.ion 

(3 Sot"h t- s 
en, 

vJhere {$; .:Ls the ;P.E;'i~Mt';( ~0l"1e.ti.01) 3U.'llbOr of eleetro.lyt.f.':11 nl and nz 
Q:Ce t.he number o.f roc;l'@$ o.f S.Ql.Vent and solut;e pre~nt. ~ adi.sbat.iO 

••• (lli) 

..,,;:&-er~ C is the velocity o£ .sound for a l.i.qlJid of· dens.ity f (all 

expreg$ed in their apprQpr.iat.e urut.s) • By extr~"JOlat.ion .of the 

graPh of s versus na t:o n 2 .'I'!Jii OS\ • tt."Ue:i :iol. v,atian nurnbez: s 0 ·:nay be 

obta.t.nad. 

l•llam l;¥1ld wf:l03 expres$ed thEli aon[Jresslbilit.iea of vari.oua 
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(lib) 

ions end sol~nt uzlCl of thQ solvated. .tons P.Jl;d e-.. ~.lva~et.t J.or--.s• assuming 

that th e solvatod- s~ies ret:am peJ:t. of thO ~~.lv.ent Qo:np.r~ss!blllt.f• 

' 
·'i"he l,i~t;;ing Glope; 0~ thet CO!i4J.1.t:ee:UbiU.'~.V. V~l:'/3US ¢~t,:ra-

t.ion plot is .;i?:roport.1oual to thti l.i·~~t..i.nr;J sollla.t.ioa numl:le:r s 0 •. 1be 

t~thOO t·~aa ut.tliaed to oll\ta.bl i:he solvet.iorl nuulbeE o£ va~.tous , 

~l«:trolyces .at; 25°C in t-~ate.r., 1~thanol .and etherlol •. 

The pa;raftlet.er: .~ hy!b:·at1an2°3-406 may also be cs!g.ul.&t;ed · 

assuming ~hat the hydl:ati.OO shells, tota~"ler With th(': centr~:t solute 

.ions,. ~e irc.OI·tpressible.. The . ·voluma of uat.'&>r .~und t:o one. ~ole 

of solute .in solution red.ueet\ to ifae .e:tmospbG~ press.~ P0 to l.le 

.,,.1ht:!lr~ n1 .is the numb®r o.f ;.:rt,l.e:s of \llat.~ ..ill t.h·e aolui;.J.on (3 1 .is 

t.ha .:tGOtll~r~l.\al co;ij~:i:¢Sa~J?ili~y· of the water., v1 l.s t.he f'n.Olar vOlu..-ue 

o£ water, Po .is tlit!:! o~ 1>.ar ~t.anda~d p;'estJ~u.re,. (3 .is t.h<:J .tsothermal;. 

cO~Ilpre:.u•.ib.ility c;;.f ~he solute .. 
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Ua,tng cout'roos.!b.ilit.y vlllti density daba• ~.tta v&~ oii "tlh f.tl"lil 

he~ ~he ~~EJ9e hy{i-rat.ton au~r of a pmtr oi: c;:.:;lm.e Ao~ eM be 

eeli1lU:lat.~ ~:.lng tiM follmJing relnt.i€~+ 

203-28 
•me cotr~oseibi.U.t.y tD:lltbOOS h~ve ~a. u~ b7 various ·~kera 

t.o det.OJ:;."<\ii.lG the BOlVf'it!tlR Qf.f.t.tber o£ elect.t",Olyt.ce9.• ~-~ly 9 La.~iE.i· 

~nil- C.Q.a"Jork.e.s:s
209

•
310 

ut.Uitlta.,i this flVlthlXi to det.c.rn'l!.t~ tile eolv~ticn 
riu~ of elect.::-.olyte$ and -~u;!no- ac!&~i in 2.1(:tt~aoss a1d m.bse4 eol'Vetlt.ti•· 

'fhe eolvati.Ch"l ntmt;er -~- .indi1?.1~al :ioos na~ ~ooerall:l ~l$il 

calc~latetl. 56$Um1fig t.ht-1:c in ~e£"• tlllli hyarati.~ au~"s of K."" ~ 

·cl- 1om~ l..rt xr;cl a,re oqu$l• -~me St:>lvat.!Qi'l aua~ o.f 1t'd.1vJ.Qual if'm8 

·hilve·· also .i.'leett ca.lQ.tlst.ed asoot'Qing that .in wat;~,, rwthant)l ~'l.nd­

et.hartol• the ilit.rat.e .!On Otd.tl(~ &o its caa-ifigtn:Qt<ten arid eJ.ze;, has 

:. -~wo ~oJ;wnt. mo1eculcs208 • l!bo solVt\tion n~~ S.n wa~Gl': h~ve .els~ 
~n caltm..J.la~rad ast.rutllfiliJ ceto t;lOl.vatien OOrtneile iQf anions ;ua • aw:. the 

Hc.Mewr:,, furth~. ~-.oxlts ~c noedetl 1t1 t.~.is direc~J.ea., 
~ { ~ . 

Er~n t1'le disc~si~LS .:it· ·Ui ~.,~~t. t:n~. ~ E.'t;®le;a of 
I ," • ' 

.10.."1-SOlV¢Clt intere:ti~ Li:J ;tnl;:t:,igu:I.ng es -.1011 00 .intelt@st.illij• . . ; . ·. ' ·.~ 

! 
:w yet t.-o:,:ba · e!U>lDrt.od. 
. :' . · , · • < I:-~ .l • t _. · · ~ · 

~elJrl~J.~~t-, -~-~· _ 
J : ! 

: .' 
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:tt .iS desirable t.a. study the Jf.J-~lem of, i.OO•~a\~~nt· 

.int+.ifl:act.tons USi~ t.he dtfft$t~~lt ~~li.WULti fi~n.i.qUeD end al~o 

t.'t.ilke· the. d:Lf:feJ:~ilt. itii..b'l• :to e~l(:ule .. e_ ·t.tt@ j$~lo -~ values 

so a to l'l~ a. ~aSOQa'b~y· ~ist~nt gel; ci values o£ Lons. 'Tni.s 

~1 enabl.e us to· have a batt~~-- ur~~t·ataiing c£ the .ion-solvent; 

ii1i~l!X~lCU~ botb £~m . "-MOX:~tic::a,l ~-~ &.~J:'iii~tal ptj.f.Dt.s- of '\i'iafe 

~!e have utlih.ed the th~.e -l.~ortant met.hoos · elabQrately 

demeribea. -bf.a£ore aF.QD;~st the .large n~~r of diU~re~ Pbya:Co­

Qbe,M.cal tecbn.!qUW~ · ~ :st.~i the problem of .t<m-sal.VlS.'"lt. !nt.(:r.tte­

t.i.ons of tei.raalkyl halides. and· .relat~· C01t\.J4lW\dta Jn ot-tso em 

oMSc ~ wate• mixtures. Ne have triW to dete~~qe the single h:.m 

values whereev~r: f!QC::sible. 

P.btathyl su.l;iJ!ho~,i~ iS a vet:SaUle end ®~ful apX'Qt.:f.c;:t 

oo~~nt ~ith ~i&'Rf a!?jpllc'at±ons m argar1lc :syn~h~_$es ~,in 

el.:~r~i~al ~~~ems?.13·~-,.: :tta cl~'\.tciiil· a;pl~liQat:.i~ ?c:ir~i.­

c~l~.J:ly. f~ ~ J:~rc.Parat:..io~. of oJ:~,j,~'"Jts used mr t-qJ:Iical a.:;r£Jl1-

ca~ioti..'l :srllll}. m~ not~l.Q. :tt 1B a g,ooa nt.iQleogbl.Uc agent. alllfl 

te~ to entumce rusct.ion rates and y~lds Oif .. f.MnY organl.c 

ey~l\~ses by s,tebUi~,mg ·cnaqed ~t.er:med.lat..'OS :.m tht\ :eact.tan213• 
- r 

ThE1 .physical pro.Pert.1es. of ll'M$~ sugge6t. that J.t. ia_ highly-
. . ' •·· - .~ ... - . 216 
·asaociat.~ 1a ~h l~.Eul.d .ana. .$uJ..td ·$tat~s · • 

. . 

· prfi.Sc ,ts t¥ramld~l .tn :shape ·w.itb· t:wo e.;..-,at;:.cms• the· o-at.om 
0 : " • " ·- T 

a:ld the s ... atom ~-t tlW- ·vart..t~217• 216 .•. rne .mol.e~ule -ha& a &pole 

mo.-aant. of · ~tl9P: at 25°c. Both the sul-ph~ aild . t;be oxygen :atom 

~~~esa a lone 1;;a~ of eleetJ:oDS and l.iia sulphur the l®e J?air .W 
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r.. :$t.rong el.~ctroatatic .intoract.iou lJl;;t.t,ween the pos.it!w charge on 

a c~t.i.on c.~&d tl~ lone pair on -t;.he ~.1gen ato:a of each sol vent. 

molooulG ia anvis.agoo t~hen the chtioo-solvC~t;lt;. com9lelt .is .formed. 

that blsects t.h& c-s...c bo.ild angle bGt~n the m~t.hyl grouiJS but. 

the ~tet.hyl ~Jl':OU:PB taay st.erically hinder the cl.ooo appro~lt~ o£ an 
27 ion to the centre Qf the charge • 

baoclir..g hi:..~twer.::1n ~';.thyl. proton& and ~;o-en at:om3 also msk~s a contr.i­
?l~ t>ution ()f t;;clvent associ.ation."'" · • 

Dis.!~rsJ.on £oreee ·are .t"artioularly reapatls.ibl$ £or cohesion 

o£ or1so .. Greater nor-cnemicnl inte.r~t.:tons cau:;~ti) t.'l1e dipo1.ar 

$f)X:otio sol ve:nts to ~ riq!d. :r.n t.er~lS' of non-elv~:nical struct.ur.in;J., 

t~he dipalar aprot.k! e-.olvents are the tnost strtJOtured of:. all 
219 

solv~~n-'-....S • 

wi.th the atabi.lity of. s~ Pt)tantl.c;.lly m;_eful e·lectro:ie mat.er.tals 

in P~~Q malta the solvent· t.he~·t::>ticatly prcrnis.irag for high. dens.ity 

bat.tet.f a~:,~..:>ll.cation28• 'J:'.~ansl:~'rt ben~nvi.our: o£. ions .in Dl>'tr:iO as 

applied to batte~ ap~Jl.icatior& ruld ·cna .f~tt.Um o£ !..l£-1SO solvent 
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molecules in org:an.:ic r~act.!ons. bot.h· reqUire the tU'll!.1er$t~io; of 

the nature of ion-solvent interactions~ Tr&"lsl?Qrt P~lrrar~tEtn of 

o.lectr:ol.yte solutions sua1 a& ioniQ · cq~uc.t.aooe and -v iscos it.y can 

Provide information col¥.1ern!n;.;J t.ha nature of the kinetic entities 

.from t'lhich t.he ior1-solvm1t inte;('a.ot:..i.Qn can. be infe:r;:ed.. 

t-1e have, thar~o:re., devoted our att;ertt.ion t.o th~ study of 

_, .. 
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