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'rh~£: n~j(>i:J.ty of :t~a~~:lon~ th~t are of oh~i"il.ice.l or 

.biolo;Jiea l .in t'lmt ure oec:wt in. soluti.on. It ~~s previously 

believacl t.l"~at ~ol:Viint ro~u:~ly p.t:'(lVida:J ran ine.tt ~&u.rn fer 

ohemi~.l r.~ction~. 'l""h~ eigni>flQ£HU::e of sr:-..tll.it~-sol'</ent inter­

act.i.ot..l."! ~ .. las ~~Used only rece.ntl:f tiS a rt3sult:. of e~t~ns.tw 
1•10 

atudi~ in nq:ueous. non-~queoua and mi:xaa ~olv~m:.s · • 

o£ tts ~xtrem:ti .i.~~J<ortan.t!e to etlt~istcyt biology9 a9'ricult:. u~re, 

qeoleqy, eto. iJ wester has been e;:.{tet.1.eiiValy l.U:!Jed in kihatd.c ~nd 

equtllbrs..um st.udie3 .. !n ft:)ite o£ such e~illnaJ.ve ot.udies. ow; 

~~n~le~:;Jor:t of molecu:L~r int.arttctionl* in t:tater iS G~~~ly 

U mit ed. ~~oreovor, the W'li·~.iU~SI~ of weu::. or ~:a eo l. vernt hlJ $ b:>et::n 
lllt 12. . 

r:tUf~at.iontat.'i in r"::cc.m:t. Y3o":tX~ 2u:ad it ~..niSI oeen ra:tis-cd that 

the G{~Udit:JS .in t"llt.her. solv&'int Hlatltn (n,~que~u!Si IJ.U'lti {'f~>tad 

solvsntt:aJ i'~culd oo of gr~t. help in un.~e:r~n;;andi.fi)J dif'fe-"ent 
1-10 molecular .intt:t~O;io:na ~ nd ~ host. of con1[Jl.lt~eed phenom~na • 

s~::>l:v~nt sy<:st~u haw th-mn 1tati~ but a l.:"'tril9ntal.}JB ~lSI> still 

~~iJ.Sta •. i:J'fJV~.ra l c·la'u~a.i.f1~t.io.~ o£ ot:gan,ic a~;l:"unt sy&;t(jm$ 



l() 
biSl!$e prope~td..'-'el· ol::" a.eoa~::tdiltt-ion tJlJ:t(U:Jtl h!fdrt~Jaf'l botldinr; ,. 

l:l 
dQn.ol:~cceptor-p:ropertie$ , hard lHl(l soft fl.oi~l-~"use px:inc.i• 

plas14 e~c. have been ~de; the. d!ffer~nt. sol~nt $ya;t.3nl!J aheM 

a Wide ~uverqf;1)r'lee of p:coparti~s wn,ieh \-JouJ.·d ntt~turally be 

reflt.eetetl on the. t:hell:."modyM~fiie and bGllBPtlrt. tu::-cpext:!~s of 

e.lQctroJ.yt.as ~ nd n~n-a:l~c::trolyt.ea .in ~h~• enlVt$nt.13l~ ~·ne. 

{~tertn1m:tt ion. of thttr:~~c a n..i t ranspo.:t pro,e~ei€1S of· 

different elGetrolyt.es in varicu~ tlolvunte wou.ld thus p:rov.td9 

an int)o~:tant :Jt.a.p J.n thie d!rcct.!or,. t~attum.~ll)'·, in the de•lcp­

r~nt. of t:.l1eor.tea dool,iw,J with 0l.aet:t:olyta. aolutim:~S• much 

attenticm, haZ been ~~Votfl~d to ,iml;..aol've~ 1ntt~e:t.aet.ions whJ.d'n 

&nl ••eont.rol.l.inrJ ·i!o:cc:eaH .J.n i.:nf .. t4U.tely dilute .ao.l.utj,ons tthM:e 

:ion-ion !!.ntert'!at.ion#3 2i!X"G abs~rt.t. ·l:Q,.!1-.t$o.lv~nt .lrnte~et;.iuns or 

broadly solut{~•sol\lant ifM.l::.eraction.s ore .inp.oz:tant .in oode~­

~tanQ.tng the phyGioo-chernio.-11 ~)x;.~~.iea o~ solutions. :tt J.& 

very dit:f'ieult t. o sug9ast the foreB or .fo!\J~ora .involved in 

the solut~e - {or ion) S~olvent. int.~l'eetlons a.e roost W: th~ir 

dace;rm.tnlng £actora re~nain ol:::mcure. lOI"'~Solv~nt 'ot.• solute­

solVt"!nt) inteX'Clctit5tlS itt.Hlif~st. th'!!';r:ttsel:~'6S in all fll'U~~mouynatnte 

a:~d t~a;nspon. prqJet-'1:.:tes o£· el(11Qtr~lyt.as gen~rn lJ,.y e.2:.rte1ned by 

e:ntrl:\polat.ion t.o iruZ,tn!.te dilut iOil• Uy sr.t.va~tinq these fun~ 

tions into .ionic cont r:lbt;'ltiOrllll~ it iB po~!31ib.le to dtJat~J:lnitle 

th.;; contr.1l:JUti.onss due to <,..:at;tona a.nd ~er~~or.ws J.n ttu:~ sol~e­

solve!"'at interoe-.;;ih:ma. '·l'h(JI~1e d~")-ond Gn the int.rina;i.¢ solvent 



stf:'tJotum ~Hld or.t th~ natu.t·o ,~;_,£ t.he .ions t-.i~J'ftl.'ll-n~ion, ehtt.:&''l}'Wt 

ct1:nrge di·~t:.t:itn~td.on irt ®l.iH! of lar>Je. ions, H-bPi'ld,iWJ ~t.O• I• 

not ~~nt$n wi.t.h Q~:t'ta1nty. The J.ntr:oducti.en of on ;.ton ot: aol.~e 

modif.ie~ t.hEi solvti!-r~ at.ruet.Ult"ta t.o an uncf.!!~·f,e:d.n mgrU.tUtie 

~4hereaa the solUte molt.l'!eules am also moo.t:e-.ted anti t.r!(! inter-

p Jay of forces like molt..te-solU{;. e, nolute-sol vent end ~olv~nt­

solvent. intG?!~ctions boaorGGs pred~>ninant. t.hou.';Jh t.he isolated 

pietln:G of any of t.hGm .itl not l;t'l,a~n with esrtainty. 

rlloaely &kin tc !enio scil.'1i'Std.on ~n be ecud!~.d £:rom ~liffetl:lnt 

a nJ letl us iil!'J almost; all the a•.;rd.lahle :PhYBico-cherrd.®.l techni-

c.ally ~ t!1a S";ltq:c;trnl tlolvent. ~hi~t$ or thf>J cne.mt~l sh1.fts 

~t.~rmine t:r1fd ... r qual.tt.ative ana e£wrtnt;;itet.i~ nat.t.tt-e. iJut ewn 

f,l~·litat.1 v.a~ or ql.:iant.itmt.i~ ~pott.ioni~.:;J of tha .iotl-flJolvet~ 
Q..)l, 

, inl:..~imr::t!,cms .into th~ w :ci.~ua po~.tble :fnot.ors is i&ltillA uphill 

te,t9k .. 

The ion-ao1v0m.~ .intemcbj,t)i'UJ c:atl a lao be studied fxorn 

the thorll"i..dynorn.to point of, view \'there ch~H19es of the i:r$e 

aner9y, <.iinthalpy ~nd entropy etc. a&sa.Qittt.QJt1 l!J·it h a part..ie)t.t.J.ar 



r~ction Qnn be q~:titaa.d:wely en'ld ~iUat'1t!~ati~ly ~1~llJ.'ilt(;~i 

(usin .. ;r WJ.ri~-,utl phyed.cc-chtmiicnl tJ.~OhOi{!~tS' f.t·cxa '&hi¢'h 

conolur-1!o~l.S ilC~a:stdint;.~ too facu.o~a assoointoo with ttl$ .ton.:. 
,/ 

using· sol~at.i<:'>tltll Bpp.t'!~tJf:>..®S in.volv.:tng: the stUdill!'lf o.f diffe~:ent. 

r>rcpe,;ties suo1'l a.a 'I.Jisooaity, co.t'li:3.uctnru:~~ ~ina ¢Q~msaibility 

etc. of ~le~it"ttlllYM~s arld d11)r1 ve tho vo.r.\o.us ta~:an:s associ~ted 

~.1th ionic eol vati.on. 

of t'.hestl t!mnapo:n. pr~~~ins aa thG proseilt. dif.n~E&.ttaticm ia 

inti~rately relM,}.it!id t.Q thQ stut3i~s ~f ViS¢oait!eEJ and cot.UU.n:­

tane,;,s of diffel.ygnt tf.S'tr~~.lk.yl ammol1i\.:nn bt"qfii!&z.s and alkali 

®':!tal hn l:!l~cs (chlo.t:·.tr.tes end ~rornl.d-sa I in ~~tas,l-.~p:totio' 

aolwnt, ;t ... :r,letJ:1~ ~~thanol \t"'li,~;) ~iM'l{i its b~tnnry aor.t~~us m1~t.uxea 

and .in aprot..tc t&olv~nt, ..t.e. 1,2•P:lt~<tho~ t,;tha,ne (~~~. 

Vtscositll 
~~ 

t..ie& W!u-d i!t'):t t'hQ! deter\tti~tion ot .1on-solvGnt int.~l.'a® ion'• 
!5 16. 

a-nd studt~~d e~l'lansively ' • Visea$ity :ts not. a th®rrt\Qd}l'fiamio 

~1U!ill"..tity., but vi~~ity of ao ft!laetrolytJ.a sol.ut.io!'l t«J~het' 

'lltit.h tharmo~~yrmmio prop~tty '~a• ve-rt.1~1. J~~l voli;'L'Ue, IJ.iW.c.t 

t'rtuch itlf<:n:ml,tion end in.s1 .. g-ht ~a:rdiflJ ion....solvent, int~rttctions 
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;a~A t.he st:tut$Wr(i$ of tho: elfil:etxt>lyt.;tc solut;ton.~. The viae~1t.y 

relm~1~Mhipo ~- eleet;J:Olyt!c s-olut.tons are highly c~li~~~•& 

"l"tt:ere am nt:.~_l\1 el~ri~'i io:cc• bet..ween t·h.c iou ·and solvent. 

~nd aeptt;qti~n o2f the fprdee :lo ~ mall)" po.'J$J,ble• aut f~om 

·•tef\11 a~ lyai$, valid d~:ik:1~1.0M e~1 1$ dra.au \!~ard1~ . . 

the st:.ruotura anti the natu:a11 Of· the eolvatitm of the pa%twula~ 

uymzem. 

eu:ljao~ttt, r:ellit.i:vely mQV:fi~ pa£tllbll. p.lanq•. of ~he liqu.t~. 

·t~nJth!~ that :tn~sf#& •· 4~r~a~f.l- too intea:~u::t:.ton b~••n 

't.h$ .pla~- tt.il'1 z:aaae ·or ~e1: the· ~x:1Qt~1~n ,4!ni:l ~·~mfoxe• 

~n~• o~ _d~aas• .~he .'14sco.&itY• 

·. ·· if !lt~e -~her~s ·a~.p~ced in th$ _ltqu.td, tl"l,e• planes 

W.ll -~ koye£{ta;jebher in tt:JQ~si~ tte v.tset:m1ty. S!milfl·~iy, 

._.!rt·s~· .trt ths &wxag& -~~- ~ hydr:o;;e~fldintJ be~tietn1 

the plt\nes witll .t-no~tse the fx'1ation ~we~n t~ plane. 

thatteby. v!.~c•it.y. .t\n, !.on ~!th . ., ~~e_ r~.tdl c:~m0re UE~t- a 

.str:uctur~. proniot~Ui~J- toll) will btit-ave ata a_ ~igld sp~re pheea 

ln tillo l.tqu4,d ~~ £noxetu'!e thie :tlnt.~~ 1.\)lanar: fr.t®.i~n.. s.trotLtmny. 

liltl i® i~eaSitl.:t the ~g#'ee -·Of hf.tilr~W.\ bontiiJt~ or .t.he dE!r'lijl!Oe 

o~ ~or~~t.;iqa ~~ntJ the ~djsccnt ·atlllvcant moleaul•~ w.ill 

increase ts,ha vtsc~U.t.y. ~nve~JSely., ,iomi des~;:~r~iQ; cor;rela~.ion 
. · ~ou.lomb 

. would ~crea~ ~1:'8 visoOSl.t:Y,• ~htl A~oltliib 1m:.emeti~~1 ot t.he 
. . . . . . ~ 

ions also l~yl! t.t"& Jllao& t~tet.bat' itlnd: g;Lws a e!!i wpl;ln&;~ 

: .' 

. . . . .... 

' 
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otf ooncent.~ou.t 1®~t but t.he ~fteat 1• ·sm1:lll end \till ~ Wit.~fid. 
l.G 

at modo~t.e ·te·apnlDt.uree. "' 

ThG first SyStOie.tiC ~SU:t:"'t~tS _()f 'V.iBQOS1t1- Qt 

a n~ub0li7 of el~~lyte ·solut.ietlS: e~r a w,ide ·aonaellt.rat.ion 
. .. . 11 . - . . . . 
mnqe wa$ atttefl\1Jtea by o~une:Len.. 1n uos. 'H\j ~w.t.e4. non,... 
linearity ,and neg~tlw cu~1aunJro ln the· ·:tJJ.soo~iuy ce;;.tt~ent't&• 

t.lon ou~·Wti u.r:ares~-~iw ot: l~ or h£g'n cone~W&t~'liUtlona>. :.tn 
. ~ . . I 

1'2~, vcnea au<!! pa~e e~~:eat~d an Eli'JJJ.~.t~l equat_ion ,1}, 

· q~nt.ite'tiw.ly cQn~latit.~ the ~lat.l.w vuces.s.td.u oi the 

·$lf:Qtl~ol:tte~ wi~il t§~J,.,,r ®t~GfttJatJ.otut c. 

• • • U.J , 

•••. (2) ~ 

where ~ ti.f~ a a~e O(>fl3t&nts. apco-ii!!c to i*'n anld th~ aol"1ent:.. 

·-rhG W-!i.ia'lt,ion .in aF~l . .!C'lblG ~q®ll.y to aq;ueouSi and nonllfti(.iqueou. 
. ~ 

Gll)l"Vfm~ systi.Pms and Y.~S.ed 0:ste~1wly. ~ .. ~ t.e:rm ;-.cf);, originl!lly 

as¢r.ibed t. o i,JrUnttJ.ii€Ul e.f:fect, fj. ~oo~ £rr;~a. the long ;$!)de coulolrb 

thtm ~til l:$.lae4 dw t..o. t.hu d~-.el~·~nt.. ol u~y~ .. M.~'el 
~ . 2~? 

tl'ie~ of in.te-.r tonic attraG-ti~M \192.3), &.ta,l}tet'llW).gen•a ... 

~l1eo;r;et.J.cal.calQulat1on of too t:on~nnt ·~··· uai~ t.ho :Qquili­

tJrtu.-u t;neo~:y. ttnd the ~heol(y oi i~~a-ver~U.b,_ · procest~~a in 



2·3 
e:)!lect,l:t,)lyt.eZJ de~lq:.e~ !r;y crusag~lr ar-.d F~oss • il!'l!nl ""'- cO:U-t;fi• 

ciunt ~ilnd~ ~n t;he .to~,_.t.t.~n .imH:?i~~:1Di~ ·11u1d can be (!Jll\tri.iliu:: .. ~d 

fl!Olfi t.na physl.~l prope~ti@ of salv~nt nnd eolutim usi~ t.hw 

22 ara. lJi~n.hagez.._v~rnoQ equatJ.on 

0. 0 )\0 
'~httce.A,A+ nnd - ~u:~ tm .Ui'!\it;.i.ll:;; aonduet;an~• of the 

el$ctrolytc1 ~nrl the ion& rnspec.tiwly at t~i1pcrattn:e •r. and 

'l'lo iartl tNa: cliel~ctr.ie cc:,n~tllin~ atul visc;;:OJJ~.ty· of t.he $olvent:.. 

;?or most so:t·ueiPM9 bot.h ElttUGous f./jf~d non...acl~ous9 t.:.~e cq;~t1on 
15 ;l;rl 

in 'Y!I.lid up-to o.lJ~ ' . • d'!l•t hiqher conaantht:.ions. t.he &::«.e:.'"ft&ati 

Jone:a-.nolQ .eqQD?;.ien \4) in~l;,/il\9 an i!ldd.it1onnl cionat;ant D~... . 
. 2S . 2o1 27 

l(~ri~tirartl.y u~ad b"J KrHftlrmky bns bGen uaad by s~~~Bl wc.r:kere • 

• • • \4) 

of the Qr..mst.ant .1:9 b.lso not a 1-..,a.ys ,r.-.~.;.~Htiri;lfUl. nnt:l t.htU:'tt:ia;r;e.t 

·. th~ ~t~t ;Lon ( 1) is us~ by ~t. C4! ehe tta~rs~ 

' ~ ~ 

<orha plots Of,·~ "1/'1J..':l)C~ aqai~ e~ for· tt\e elEctrolytes 

S:hould \liVe tl-e Vii·lw of A· hut. in gene~l tt-e vaJ.t.Ws eo«e out. 

to be n~at:iv~ or eons!d($mbly B$tt;.4tr und dev.1~tion ·f:r~m 
21} 20 29. 

lin®. rity cceu~: ' . ' • '!'h. us, .1nst.ead. of det (U:£.'\i.ning {<;•vt\ 1 U!.-)S' 



:f:;rorll the t,)lQt~ 0%' by l~st:; aq~ rt3 m.at.hQd, the il>•Vfll·U~ are 

g~ne.tally ~.teu~ted ws.u~ :lial~n~yen-vernon ~uat.i~ (2). 

p,ccordit~ t.o J'.~e ~nd ~J.ol.~, the c~tt.ic::lt.'<nt., t-., p~:Oi»bly 

~:teB~n.t.s tdl71 :tt1:tfer1~ eft~ on the Bdl.~.Wn of til$ 
'. 

el$ctr.1e foreas bf4!tween tt• ions \ihicl'l ttJnd to t~:l.nt.a.1n a 
. lB 

s~ea-l.q~.ti~ st;:uctu:.-e • 

and it ts a.ct.ually t,i\e '.ton•tli(."ilV~tlt. . .tnteraet.ion pa~rn>!.rt.Gt. It 

li-G eondition~d &J the .:ton..~i~e nti4 ti'e S{)l.vent ~n·t.l csnnct be 

c.r'lloulate~ a ~a:!tc.rt .. 1.·tm ~1-t:Mf~f:k;itbntS a:a:e ®tain.e;d as slopes 

ot the Ut~e:i'}i\t .Un~s US,i~j the. l~St ·square t~thO;,;l i!inQ ;inter• 

~ta ~~wl to the t·-velues. T~ ~ctoxs 't·d1iot1 int:::.:~se or 

~lecreose t hs ~'1S.(I'QS.:f.t..1es of the: eolvm1t a.& ¢r.U .. mlia·x:at.~d at t.he 

be1iJ1t.m1r~!' alao oo:~ditio;l t.hu ~t:t:illlaae o~ dec.r:e~Js~ of lf-~lu~s. 
. . . 30 31 

~he £ac~ot& t~11tJr''l inf.lu~neii ~-valilcs at~ ' • 

tti8 i.!ald of t-ho iorl. iu p:todacin.g lon:.J r~u•;e order in u-,olV\.-t.nt. 

11'iGl~Ul\iS !tl.O'teiHSi~ 'Y\_ OJ:' a-vs ltilli$• 

of fU)l v~nt molecU.l~e (i.e. St ruet~_~ breakinr,;r efi£,¥Qt Q%.'. &"'Poly• 

~= r.iz~t .ion e£factl dear§ ,m0 'Y\_ •Wi lues. 



I:t h.nd b~~fl toun~l. 't.tlt't.t. t.rte v.tscooity "mlu~s t.r.t;, i'\il(lh 

~::xnlc~;tntr.~t:~en~ {ll'-1 to t~tturationl (,.lSlfi oa :t'i?i>J:talH~lnt~cl by ths 
. l2 

$mt#1~~t.cal. t•!)f.')I\Ula $~gemt..:sd. by hO~t:ade 

i .. - ., 

'Y)_ = A e><.P bf T 
• • • l\.:3} 

sentinr;; the ~sult.s of ~i,fJeos!ty «'~sur:<::rnent& in the high 
Jl-19 ' ' )·9.40 

eonc:~l!rat<to.~ r&l~G· ' &and th.G eqU&.J;..ion ~.n:.ggeste.d iJy Angell 

based 011 an ~~.c:t.ens.i:on of the f'r-ea v':>luma theoey of t..t'i~H~S~-;.o:rt: 

••• {6) 

·uhG~c i~1 t·~r~ofS'nts tl"m (Jt.)w.:em:;:Z:~lt.ion (..'}f eta~ aalt .ia:-~ ¢.."1V'• 

-1 
lit:n: , ~\ and r;: • are cooot:.ant sup-_voaed t~, be .1.nJep!;nd~nt of 

tho at""llt etHn-~olfl>.it.ioa ~nd N0 i.s tho hyptth~t:ica l ooncontl:.:at.:I.oo 

lit. '1!1hich th~ .uy:.:otor;!l beeoi'MS glaa~. The eqwt.ion ·~1t)S r~st. J:)y 
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41-43 . 
~~ j u~\!1 '1:' ot 11·1 · intt'«.<iducing th~ lim1t.in~· a~m:U.~ion tt~t 

au t~ ~c, "'1.--?'lo' the ~:tsli10Sity o£ the puzce uolv(lf.nt. <thus, \ie 

ht;i\'9 

' • • , .. 1) 

~he equ;:u::..ton (7) p_%-edi~t.a a Att~~Jht li,tlS) ~sai.tt.~ th.rough t.~ 

or.tui;n f~)r the plot. of i..'l'l -~ .... et.va tV\t't0 -}U, it et auit~fjle choice: 

· f~r ~'1o .it.il if!.Hit;. The ~-.luet.t.ion \ 7). t'i!ilS b~:1.~ t.eated by f~.ajuf~X' 

~t a.l ooit~ t.he oot!! ~r~n t.h~! lit.exat.uce and .;;;;runl t.hdt: .dt-ftl 

e~et".iitwnta~ resultB•.- The be.St. oh.cdee fc·r N0 a.a.ld ~~ was $Q~lQcted 

by a tria 1 and e,;_r;Ot' mat;1Qd. The Bet of ~· end N0 ~hicl'lo pr<:tdue$ 

tninimu.rn deviation bet:~fe&n 'YI.-rd C~~pt) end 'Y\.-r~ (t..her..l) _~as · 

· se ecspt.ed .. 

• •• (S) 

wh;tc~t i.~i nothi~T but;. th~ tiJ'®es-uole ~ootJ..~ra wi.th the ia:l-.iotl 
l~' ' 

iot.~mction t·e.rm ~prosented· ea B ~ ~· • Tha_ arrangeH\ent:,. 
~~0 

· bet.t:een B.. "valuaa o-etatll'1i:;.i.t~~d ~n th.ifl ¥.i"aY aru:.'l t»iJl;J Jones•tJole 

eqti!tt.ioo ~s bc~rn found. to w guoa eo-.: several. eteet.rol.yt~th 

• • • (9} 



·¥' ,, 

3G 
clo~ely t'esentblO$ Vamt•s ~t;unt_J.an £cr .ttt.u!dit:.y (re_Qiplil>'~l. 

. f« 'l;!.ucos:tty)' 

1· ----.- Qc 
v 

.•• • \ltH 

t!he ·visOQt.tity B-eQ$i.itio.t·\ilnt:.S: llave b~'fln d~~·.r(tl'tniild by 

a li.!rg'e nulli>$J: c~ w.eu:kt.:3tz• in ililtteous. ·mi~4 a114 :.no~~~tJtious 

so1wnta
29

•
44

-
14

" HeWEnfet'• tl-e a ... ccef1!!tl1(znts a$ det.er1ninet1 

e:r¢leri-mantal.ly u&iam J'om~e-!!Ole eqtia.t~~n, t~~a not g£:va any 

l~n:ss~1on rogtu:diog iOR•:rtol'Vent .intet:eet:Mms. unltth ·thi!m is 

tJcyrte way t.C) 'itlent!fy the afrparmte c-~acributi()na oi ®tlons 

~~ntl euions 111 the tct~l solute-solwnt intsmctiMa~> It- ia 

14'6111 j~ru~tn t~t no phys${..~~,111~1 propeny o.f tha ttltal 

}lolute ~.n :ref'l~ct t~e pt:Qp~i\Y of! th~ 1~\divitSua.Jt. ioM ~n-d 

·. only ~to.nto c;ont.t1butJ.ens ~Y O"l~ i.n~Jl;ht: on t.h~ int.l:'.il'WJ.a 

mtture of the solvent at,;~;~t\ilre ~H'ld. it~ i{ot:U.f.it:mttoo by the 

it)fla \Ctlnditi:Ot'lil.ld by the 41.tt~.:ton, ·CMt'-9~, etAa.~~~ diat~~but.lon, 

H•boi'ld:ill~ ®tc. ). "rh~ divin.t~n oil· s .. va.lw;;ll lint.o ionic a'* end a• 
'. 

ve.lu~ is quite ~_mi\!rary ®aed. o~ Scm¢ mtJpt'ox.i~ttation oJ:< 



• ' ' 

~­
' J ' 
,/. 

- - * .... . 
t'l"~ assum-,>td.on_ thae a10n_ va.lues. tlJf .. Li .tstl~ 103 4~l t..~:to3 •~1'~ 
_praponi~~ml to tflG 1on.tc volu~ wh.t~~ t.t:t'(!J Pr'Gt"~t't;Jtom.l,. to 

. . 16 
t.he thUii p~e;~ ·.of the !etU.c ~.tUt,~a. ~~ t~et.h~t of '~~rney 

- ~nd a.lso a2 ?...a~t~25 .1S: ba,sei:} ·~'l 

• • . (lli 

r:e·~ at"liJt.u~t iB AThVou~ <~i· thifli a$s!g~.t'l.t. to baeed ·Qil t-he Ifact 

that. the a:.Coo~.!i<ii<llltt'M: ft)r: •tel. ··i.s v~ey stnall. and that t.he · 
' ..... 

!1~1lit$.(l)S Of ~%+ ~nd al . ~r~ ·very ai~m1: owt t.h~ t.Dhl'emture 
. ~ . ' 

l."a niiJe l:l-45 ·e,. 'rh~ a.aM~;n:ttiint is · Bur~o~:bGti • frQ~ other t.h~titto-
. · is · - 11 . 

~iyll-:l~nfc pt!'q:le:&.t:t.•• • · ~ig~ingle , hOt~tewr, ·pr~fe~ ~3ibCl 
. . . . 

·or_ cSCl- ~ther than ~l. £:r~rn ~!Uts.y e~~~G~f!i()as • 

. _· ·. ·_ . . . . . . 26 
(~t) The n~'thad e~~~sted by t~~oyetn and 1l?e.ntQn is 

. . ' ~.. ' . . 
baS<1~t:'l on. the as:3Uxtypt iorl _t.tmt the ion P:t4f.:r · 1~ watfltr ,is preb>3!bly 

alQs~t. t.o ~eit1g r&eit~r $t!f.UJ~.;~;Ute tn;~~ke): nor: a ta1;~:uct.uge 

~ker. Thus they SUt~~~t tJ~t. it ie.1 pQ$.-~.tble to a,pp1y "Wit_h a 
' . · ·. 7U 

h.i.g~ dtJ.gJ:~ of_ ~ca~~ey,, ~.t!Uit:.~i~~s e':t~t.i.QQ 



'• 

.a .. nt\ ~~ 't$vin;~ an tlft'..c~tf/.t, •lu~ c£ the- J*~t.ial r~l~r val~ 

cf thu ton V
0 

it. is pot~~iblo to ®·lcula.te t~ val-. of o.lS~ 
.f . '<'i2t 0 for a~... il~· ..:~:;c wa~~ at. ~·~ c. 

~,~§1' ' ... 
.69 

r.~ecently i~~~4Q< ~c. al. p~opOBed tr1e tu:.ete:J.y u~ed 

~ .ittif~r~nQ~ el~~rol.yu.ed ~t.:f'Qqd. -rnuu f(;)jt t.ttt;.~phenyl ;p!1®""' 

pnon.tum t;tlt;~ph~eyl br10~~ .in ~t'ltel:'• ~{S hel'w 

••. \13/ 

••• \14) . 

' . 

· '!'h~ values ~t.a1ned a 1[$ tn ·geetd ag•'~'~ent. w.teh thde. ebtl.tin~:ed 

by ct.he:t ~tiodfS" 

':'rht: al!'ltt\.\'J:!~ adopt$~ for tJ~ !hllJ~Utat.ion e.i i3:•cQeff.f.c1ent.e 

:iu t'ton-aqueous S4.'>1V~t:D d:tffel: ft>otn tha$J genin:a:t:ly u$ed it'l 

~ater. }l(1:tH~V~tt, the JMt.hs~s -~-r~ ~~.e4 on tl:l<! ettllrl:t.ity o~ 

~~ii1Vfii~le con&iu~ta:tla~S of ®~~.u~: iens at imU.n.i.t.e dilut..i¢M. 

T·nus, · 

(~) cr1~a ~nu ~stl'.'ountu:17 EUJiii~~:o~* &lfl ·~cl• in ;~tmnol 
(bb . .w.e:t!l en ~~.ml fflOb.;.tl.ities oj! J.ona 1~>. 'l·~:y also ado,i;Jt;e<S 
25 . . 

.ar~e N+ •. o.;as ~- tho j,n:£t.i~1 value fr.>:r ~;u:.:~onitn.lQ sol.~l~ns. 
4 . ' ... , .. . . 

00 . 
(b') Nor: ~cet,onit:rJ.l~ solutio~• ~uan and .1uoaa prop~ed the 



~ -)_. 
·~ 

prop.!.onat!\ide soJ..utioWt, aasumJ.ng htit.hout proof} that 

••·• (lG) at all tempelr'aturas.; · :tn oirnethyl-

Riw une. of tl)if) i~t:;J'~ nat.J .b~~n tfil,ide l>Y othQr auchora fOJ: 

21 sa . s~ 
di.~Mttlf!'lsul~ht:>M.ide , uulp.hone , !le~cam~thyl~?ho:spllOi:ll"i&midC 

nr1t1 ethY len,~li ca~b~nat~82 lf30<lutltoM .. 

t".® ·!~t..ho4n:, howev~r. have klf.1en st:t:onyly. criticized tJy 

83 
lt.J:Unl'Ja.l~ • l\COOt:dii."lg ~0 lUJ~, aoy ~!'lOci ~ JeeSOJ.ut.ioa based 

. t';ln the 0(~ual1ty o.~ equiYelent cen~uct.encEl! .for ce1:tein ion 

u~fth?trs trom. th~ drei'~b~cl~ th~t:. it i~ i'.'l~~-,:irsible t;o $£t.l~ct. any. 

t.wo ions fot: wh1Cili Ao,+:= Ao,- ii1 all t)olv~ts !it Pl:'o~r t.G~·:tn:a-
. .it. .... ·o 

t. ures. Thu~, though /\o,!(' • Ao,01 rot. 25 c :in tOOt.henol, hut not 

in ~tha.nol or !n cthlr ao·lventtt,., :X!l a\l~.t,S.on, if t.he r!kibili­

t ies of ~o~~ ions are e~n equal at. :.tnfit'lite dilution, bUt. 

it 1t! !lot. noaenaar1ly t. ~tie ~t. rfb."Jerato cH~ncent rat .tons :f:'ox;- Which 

the u...coaf~.tcic.mt ... ~~lu:~ nre calculat~d. · li'ul!:th~r, aeaorc.U .. n..g to 

. . + . .+ him, ~HiUOlity o£ &.~~Si<;1ne of U.o.ape };lnuu or \i ... am>3nua ... 
i!lnd Ph.:_.~l dQfJS not necaat!l-arily imply eio:.Iuality c£ a-coeff.ioi~nts 

or t:, h~ih~ ions llnd t.hey· tlll:E:: l~ely to be aol. vent and ion-st:ruct ur:e 



-as-

. . 9.).04 .·. ' . . ·. . . . 
~t~umJale . na~ xec::entl.Y: p.r:opQ&~ a rtet:ho!! ior t.h& 

·tetlolution Of n .... eoef.fic;i~nts. The ':&thod !S base~ etn t.he tzact - · · · · · · · · -· - es,etS 
that t:.he m:t:qe teta:ael.kykuumon:Lum aat.1.on.s a.:e t~ GQlVat.ed 

. . . ~ ' 

alaot.rostatic intemct.ion). "'thus, th&5J .ionic: a ... wlues for 

·hrgr.t t~t:rell .. lkyla~n1U·in ion& r~4r.t"' <wiere ·:a> nu)· .in ·oxga.i:dc 
sol\fl!Qta ~·re prc>pore.ional"' ti~l-r !on!¢ ea~nsiona. 

. - 3 
• a +' b.¥:. · aa ····"X . a· .. N+ •<.• ·."'~'I·< ... . 4 

· · · tun 

lthe~e a ~- ·a}("' an~ b 1& a eot)stnnt · depend~tlt. on telil;furatum 

~n<i fSOltt~nt tlattare • 

. flle e~mpolet.ion of t.h~ Plot of llm4t:lx<r~> PJ: or Oi.l) 

again~t 1:;
425141 

t.c · m$»:o e~t1on di~nsion g! 'qes di,J;t:etly a;r 
. !.n th• pf;ape~ sol~nt flt'om whie_h ~her n-ion valu~s can ba 

~lot.ilat.ed,. 

The .~-ion ~lua~s ~n e:lso bli ®-lculat.t:c-1 fxom tr:-,o 

equ_qtions 

' I 0 O (20) 

103538. 



'!'he radi;L of the tet:taalkyltHiltlll;nlil.;.un ian havu calaulatftd fr-Qta 
81 

~11e a<:;:our.ate c~:mduct.o,cnt.t:'ie data • 

'10 
Gill and Shs rmr'l used a u4 Nnvh4 as a rufi!X:Gnce 

~leetrolyte. The metho-J o;f resolution o£ B is bOlS~d on the 

~ssu;rs:;tion, l!ke Krutn;Jallt thnt au4N
44 

nnd Ph4a- .ions ·~.ith la.t11& 

N.-.groi~B ~!re not aal:w~~-~<1 in n.':ln .... equaQU$ BQl vent.m and the.t'l;' 

d.imans;tons !.n .S~Je1"t S'-\l·voots n:re constant:.. 'rlto ion.ic t:ed.ii of 
• 0 . . - ( . 0) . flu.a.lt ts.oo 'A ) an~ Ph4D s. 35 ~ .. _ have~ in fact, found t.o 

~en"~~~in conat~nt:. it'l difforet'lt. non-aque~)Ua ~nd mixed non-aqUQoua 

~olvC::en·t.e by tlill ii>~t.l aaw~Hn:fwral> 'they pr())?osed the aquat. ions 

<2S 8 •r • lttfllt e,: "'"'"''""'"'-~""""'"""''"' ___ .. • • . \:21 j 

' .• \2 2) 

"the :;-iii:;thod :nitquireB onl.y the ti . .-w.;elu~s of au4yra~n4 
and ia c;.r.qually B!j)plicttble t-;o tni=-,~~d nonn.aquaous .5~lVC11ts. 1""'he 

n..-.:ton values obt.ad.-n~Sd b~t tt·ds method a:;Jre® well with. those 

1.\':'eport*J<-1 by r.~cx::o et al. in tli£ferent or9et1io 5olvente U$i~ 

e GSU~t J.on il 

••• (23} 
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·. . . . . "11, '12Q . .J.t .it . ~..... . .. 
?.~c:ently ts:~frence and aacco usero:. ' et.:ra~-..y""""'. 

~urunonium. tetrabutyl bore.te) Eh.a4Hrmu4 ~nnd tet.ra.phenyl 
· phosphon.tura tetraphenyl boxate ·(Pb4P~h4 > as· refe~ance 

elect.r:olytEm be~u.:se ·e~\a··cntion arld. ranie»l in ~eh ~s0 e~ 
. -

$,ymtnetr.tcally 's11.ape::d ·and. ~ve al;tnest:. eqtl$1 \J-an dGtlf: w~~ls 

volurna~. 

···· (2S) 

J$. $1ra1J..~t: division ean be. tmde for t;.he Ph4PaPn4 uyst.e~ 
12b ,.Ji.... . neeently, tawreooe et. al · · d~tel:t~,sd the vJ.aepsit.y maasur~ 

tnaQ:. -of t.et ralky 1 <from Jil'~ to N<!pt )' a m."!llO'Uurr. broi'llide;.:; ;tn n~1St~ 

IH~Nar) .. a en:'"'> "' a [ llx<~tr"l J 
't-tere plotted as functions of t~!t.J\*an dOlr ~taals volutoo&h ~tokes 

The &(ar:-> 'Wllut::s thws oilt~ined ti'lij.tte co~~r~es \·J.i;.th the aoou~t.ely 

dmt~r,ninea a_ts:r•) value Ollte,.tnad ua;irtg au4c~t4B and ~b4Ptwh4 ee , 

t'e.feren~e salts. 'X'hey ilcnoludeu that &he • 2:'eterta~nao salt' tnr~hOd 



>--(' 
j" 

-l.S-

,. ·ia eht:!t bea~ ava_!labl>s t:tl~J10d for the division into !onie 

eontrib'~J.ons. "the1tt atVilysis is itt aqreem~t w:t~h t.he con-

l
72c,d 

t::l.usioms ~de- by ~·nomson et. a • 
80 ' 

JenJU.n~ ilnd ~~~itc.he!t. · a~gested a least aquan 

aoo lyti<.~ l t®chrtiql~ to G)ttHili'le add!tivit:y r~lat..tonship £or 

· cr.::tminttt\'1 1"!1 t~r::ro;!l'mur-J.c.«i dnt~a1 J;o e~~ect apport.ionin:.J into 

!ling l(!J ... .ten conpon'f.ats t:.o~ alkali itW.tal ha.li~e sat lte_ by ef"P~J­

~tng ~janSi• acy~et.iti.Cl<tl p~1t'le1~J.e09 UEld *~lc=no plOts• ot; 

. i'ilcrJ:iS:90• 'the principle ~fls @:<ten~d to derive acsolut• $;i.tltJle 

.i~Q .al!S'~~'fl!f.f!.eitiult& ~a~ ali~lt · f~ala ana, haJ.idd. ;tn water. 
· · . es 

~hey a:l~o oosa4wd ttlat. ·stcs$)~a.(t-l sut~l:lGGt.e4 by ~:trun:gala 

tt) be moi."'e ra~ble than B(a.41
) • il\cl.•} in a(lU\illous soluti.om~. 

How~v~:r, iie ~equue marc data to tee~ tne vtd.idity of this · 

'rtleth()ti. 

certain l~pPro:.:dmations_ ~nd.·enoiCGl:oua ~~t.llt:.o may ar:3..~e unl(jss 

prep~t' mat.hermt.tcal theoqr is d$Wllcpe<! to calculate a.valuee~ 

~erll>e:asture dep~nde~ .of il • Vi!t.l.Ut!$t' 
i.:e;..,:,~~~~~~~~ ....... _.-_. •• 1. 4~~tW)"'ijtt~~-~ 

-;'!f,_ :t~t!l..:li\Jt.itr !n the be~.viou:r: of a .. and rm•_ hills been 
' . ~ 

I('Jb!illi!~l! bath .it'); aqueous ~nd non~queous ~()1Wnt.el5 . and useful 

fJO>tt~J:~. li:r.~at:ior~ ha ~ ~~n ~&-, ~t ~~min&lty25• He Observed that. 
' . . 

(1) iU..th.:h; ~ grotJp of t.l'l.e p{il_f:.iOtiid t$b.l6 the· u-iqn ·values 

decreas4ll g;.s t.t$ (21'Yil~l .tonic &>ad11 indlf~se. 



~· 
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U.l ~ H;tth.iri B ~~~o~~.av of it¥lt7:.iodie sy(J,te~, the teH~tat w;e 

_ ~fi.L1Ql.~lt. of. a
1011 

values inc::c~.:iseG a.s tho& !ollie .r:n.&tm 

incrr:eases. 1:'he results eru:11 be sun\l~ri5ed as follt:~nu 

(i.:t.) a ion ( o a ml ~£'!:. ) ·o 
dT 

t:lh:a:aete:;-;tst i.e of tstrueu utt~ breakinq ione. 

H.ti) n1.,n) o and ~;;~ ( o, 
. d'l" ' . 

¢hi~,U:~.1Ct:.k!~istJ.c Of €!tl:'UCtiJ~tl) tWK1t>J'J ions 

I I 0 

. • .. 

... (28) 

are ·tU.tfer~nt. t"orft tt,ose p,resant J.fl t.he bulk .st;z:uct.u~~· Th.ia 

is tlell re.t;le.ct.s<i itl the •co.::i;;>nere• ~~l ol! Gtu:nay
91

, 
~2 

~\,1~,c zo.t'l!@:S of .~'l:.--u1k ~na \'1t'dl . a.nd hyarat.~d xsdius o.f 
1'1 

~U.ght.ing.n le • 

incort,:Jtot'atln;t 1;;he basie ideas prll.a~ent.ed bii:ifO.tlh 'i:"h.e v.isco:!.it.y 

-of a di.lut:-;e ~lecti.:!i lyt.e solutd.on has b~n equ.nted to the 

V'iSCO~i: y ·of the aelV£~nt ( '\
0 

) L:>lUa tl!® V!BaOOit.y C:h~Il\Jf.l$ 

renultimJ from qonlJat.itiOtl l:)'l!it\~eert Vtl3!ioua ef£,.;l¢& oecu~rint-J 

... \29) 
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{ .J..a th~ _p:;:JSit;tve inc~~t~flt:, itl vJ.sc~sity r.l!lused 'at Qoulo~1tl.tc 

intet:aet.lotl• 'fhml, · 

£tr 
+ 9 1Q1.1 

"Jl 
wherea~ a~cordin;; t.o £,aw~~nca an(;j ~'acc:P ' 

••• 

... - ( Jl )' 

~inmt .. aion .. . is t:.h.e pOGJ..t.iv"ee i1let~~~lt. a:ris.itlg f~otn the (lbSt~Uct..iorl to 

th~ ;;.i.accli;lS £1a.f Q.f the. solwnt e&tJSed by th~ sha.pe and s~e 
"·· ori~nt. 

&f the i-ons (the 1~fJJ:m col.--reslJionds to -~., or B200pa>, .a.ion 

. ia. the pos.it!~'f!a .inere01r.:sn.t aris.1ng: from the ali::Jmw.ant. or 

structu:re-·ma_~{;i!'!.~-:J'.•: act..icm ~f the (!ll.ectt::.to f·.it;:!l.d of th~ ioll on 
. . ; ': 

. ' 

the dipoles o.f ~·!"~ . solVmfi~ l'W.Jlecul<.::s \tha term cor.ttesponds to 
~ - · str 

~· or aord)• a100 .ira the negJEtt..ive i.rlCa:~mtr.:nt related to the 

dC!at:.ruqtion t')f the sol\~·nt! et.~uctulte in the r~~..i(J;n. of .Lollta 

ao-sphure ar.isin)) ft:o•a the Qf)!JOS-.lng tenaenciea of ;hf:? ion to 

ori{£:ntat.e tJ-e molaQul~G :t:{'H;ind .itself cGneroeyJn;oot*4~t-lly- iUld 



~--
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~ 
I 

84')lvent to krue~ its own Bt:t'UCt.ut .. '(h {':l'h.:l.eJ ~o:r:l:.'e3l)011tlfl t.o 

Q .... 1:1 ). 
· • ~disord 

roinf 
Uion is the pt:>Sitj, "'e irlOlrt\UtG£\t Cctld.U:i01'l~4 -by thG 

effect of • re:tflf.orca,w~:nt o.f tho '~fat. at: structul:'e • by 1ai:ge 

tet:raalJ,ylcam~noniw'' ions due to hydr(>f.lhr.lbia hyd.t'&"'¥t.1o~'l. '!'h~ 

phenomonon is inherent J.n t~e intr:ins:Lc t>tater struot:ut·e end 

n and. B 
1 

aceount for viscosity :lnc::;(eas~s nt~"r.ibuted 
vi so v . 

to t~:c 'Wlnder Haal.~ voltme a~'ld tt-le volu{~ of the uo.lvat.t.on of 

Thus• s~mJ.l-and hirJhly c'1at'qed oM~ions J.;L"te :Li·'*' a_-nd 

~~2·~ t:orm a firmly ~a.t.t.;(.."h.tad primary ool~J~tion sheath arcuna 
these ions ts!~st or -r{3 pos.;tti~}. 

At. ortUnaty te~npe:E0turest align~t. C)f the sol·'i1~t. 

molecules aroumi the in~\i1r Jayu.a: al~o ~1.u~e .tnareaz:;e in 

· ·a orient. ( · .~, . n°tr t ""u) is (.1m,.,.l.l for t-hese i ..... .,... ... , ion 1-l_ J • ,-;ion . l .. -.:. ---

· · 'E;inmt 
·'l'h:us nio.'1 Will ba la2tge i:Hl~ potiit.1"i1~ .as B.i.C)n + 

,...,rient.) otr . ·_ . " E1nst . . . or :Lent . · 
nion ·. SiQll • Hot~$Va:t, li.:!.Ol:) £.H1d U.iOJI . ~OiJld be SC£\llll,£or 

.... 
ions -of g%:oot~st. crystal rc:Hi!,i. \tdth.i.n -a iJX'oUPl like cs or :t-

due to Sm.:'lll eurf~ce. · ohalt~:Ja densit.if#~ r:~eulti.nt.J in w~k cu.ti~nt-
~:£tr 

~1n.';1 and structure formint;t ef~-ect. B.tau · w.f,ul.J ·te largo due t.o 

mtruetu:ral disorder ·itl t;ht.l icn~diate nei't{ht;Jowmood of· the ion 

duE~ to corrpt~t:.itd.on be·tt-s~n· the i:on;to field ~nil th~ t:>ulk StJ:ootu:re. 



~ . ' \ 

~-
( 

. . -. 
:tons of .intertt~);i:!i'!;!.t.e ai~e (e.g. 1~ end Cl l have a close 

imlanees 
Grient 

8 ion u 

r~.tnst. 
of V.i.Gc®S fo:a:-eWi in th~ vicJ.nity, i.~. B.ton ~ 

l::lt.r 
hi . so that a J.a clore. to ~ere. 
GJ_ on · · · 

l:~X\Je moletluk! ~ io® like tet:.Ga JJ•y J...~rruft')niwn ioris lurv~ 
1~.:1nat. · · . . . . . orient:. • Stu: 1 l~PJe a10n ''caa~ of laJ:ga ei~e u~ aion ~nld ilion tfou 4 

ii.inst . ori~t. •e<tr . -
be arm l.l i.e. aion ~ ~J.on £)1on and a woul4 w pOS:i.t1-v-a 

and .larrJG• f);he value would be £utthe~: .re1n.force~ in li&te~ 

ariain~ .from ai:;nf due t.cJ hy<koPhcbJ.c hyd~:at.tone. 

'the J.nc~ ~- .in ten-perature w..tll have no effect. an 
' . lli ' . ' . . . ' 

n~o:St.but the ~i~ultllt.ion of solvent ~aol~aules .~n the seoo~l&:t:y 
lJ;lyer will be_ dearfisasd dlo to· ~rooae th.ere®l ~io:n let.lding 

stir· orimt · 
to decrease in D.ton • B,tcin will dec:re:&se sl~ly with teinpera- · 

tum as there will be: less co~ff;>$t . .ttion tK;:tueen rhs iol:lic field 

and t ~ Xt~&oed Bolvent. fitt:UQt.ur..re. the ~ .. ~ositi ve Olt negat.tve 

te~r:ature coeff1c1ent. w:til tht». · d0pent\ on the change of bhe 

~~lat.1:~ .~gnitudas of a::r·ient arm ai!: . 
It. !a cloor that in cmae o:i2 st-ructul:e ... mait.i~ .tone. the 

.ions at:e ·fi~ly su:rroundcJrd by a primal!"'/ ~olvnt.i~n sh~'lth and 

_ .-. t.he seoondat:y lilol.Vt1lt lon ~<>M \'fill ~ conai&n~·aoly orderM lsad­

.:i.~ ·t;o an inar:®.ise . .ttl. ~ion lllnd eo~U$ia;ltant ua~~-a~ in <int.ropy 

Of ScilW!t.ion and the -.ilit.y of iona_- St.t'I;JC~U:Ce)!"l::tt~U.i.U>& .ions, 
' . . 

on t. he Qt. he~ hand, ar:e nOt. · sol:v.ated to a- ~t~t extent. ancl the 

eecondaq• solvation ~onG tii.ll ba diSordered leacU.1~ to a 
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decrease J.n a .ton values an~ inc't~~ua~ in _.ent:.;-epy. solvation .and 

the HlObility of ions. i~oreover, the te.'Thp~nlt.ure .:tnweed chang& 

ln viscosity Qf ions -(or entropy of solW~t.ion or rno~J.ltty of 

ions) t~ould be ·riiQro ;pronouno~a in cas~ of smallar ions t.han 

:!.n case- of ehe ln~ger .:toruJ. r~o t;._he~e .:Ls a clear correlotion 

b¢tween the v.isQOSitY:t _ant.ropy of eol~ui.:Z.Otl and tQ;np~at.ure 

dependerlt · 1tt.obility of iOI!'Ul• Thus, the ~Ot'lic n-c.oeffia.iri::nts and 

0ntropy of £lol"Vat.ioo oi ions ta• ti..;,~ntl.y b~n Ull\ld ae ;Jl~oooe 

of ion-solvant. int.lUact. ions and 20 a direot in!Ji~'ltHiOil of. 

Stroo:t:.ure • ner:ingrnnd st·xuct.u.re-br•ki~ Oha~sctat'B of ions. 

_rat .:tons of in.ObtUty-v.taco::d.t.y prowcte at. t.t-to te£tlf}e£:attu:e (a­

-more aensit.ivc 'Vt!J:ioble) ·t.'han ion#l· cnobil.ity) by O~"My7a, 91 

c:learly d.emonst.raeos e Ql.oee rele~ion between itmic a-cca.ft.i-

oients.ana ionia '~C~ilities. 

molar entX'opy of solution values t11th B.f:oef:eici6ftt of 61.nlts. 

The ionic a-values ehOtt a ~in®r relat.ior~hip uith the rlartial 
. ' . _Q 

taolat' J.on.ic cntrt:tPii'!'BS of . hydl:nt;.i~m ~ 

-_o _Q 
s~ • s n ·aq 

... (33} 



• 

' 
~u\t! :tonic s o~fflo:t~nt$ ioJ: s 11 ~noatomic .ions by equatin; 

' ' ...,0 . . ' . . .. -::t ... -1 
t;he e~topy e>£ th a hydrQ:,;Jen ion ($}r-1<!1') to -s.s Cttl .mole ~g: • 

t;.emus93_ u..ffetJ. the $~1trcl~J of hy~tit'n to cor~lati$ iorU.o a­
val.ues. e.nd. N~r.;JhtinrJale17 shct~ed that a s.b'L'Jla linea¥" ttalatlon-. 

. . 
$~i.p an be Clbtain~a w:f.th it fo·r: both monoatorn!c and polyatemlie 

. ' 94 
~me q~r~lat.ion. wat» util:.I.Saa by r~bJ:at'»lm et a1 t.o 

0 ~~· 96 
aasi\tn ~int'i#la...ion n-aOQ:ff1ci(:!lnt.s so that. • pl~ Qf. D.. s.m ;;)' , 

g;s,·i~ 

the, elr.;;~;:osta.tio entttQP·Y oil:. aolvation or A s~'X:t ' the 

· ent.r:op.to eont.J;j.E:i~10QS O.f· the .ti.i~h"' $Zkt $uaond· &Ql"\l'at.J.oo layers .. 

OJ! 1~ ag~it\Bt. 1a poi~- \take.n ft:oi*\ t,ha wo~s o~ N!gh~ln;i~vle) 

for both eat:tontJ ~nd ani,QnS Ue en th0 •me cultve o::. line,. 
·-· ' ,. . - 0 

'!'hoz:e o.~ ~ellen~ l~ •. r ·cru:rGJ.at .tons bet.~een A s 0 en<i 

· l:i.s~, nnd t.he 8~le 1cr:t n~ao~ft1C1\\rnte. Doth entropy critet:ia 

( 6.s: and 11~~ -~l1 ~n.a ll~ton val.UG)s indicate that. in water. the . . . . ' 

* • •. . 
tons_ l~i. -•. t:Ja .• WI and r ara ~t Stt"uct:.u~-ms.kere the :i()Q!ll 

.. t~b$, cs*, Cl·~- U~~& X~ i!Hltl c104 a,:~ str~ture-bJ:~l;ers anQ._ 

K~ i.s a borde~ litW: G'!EJe• c:rn non-aqueQue oolvcnt.s ~ormamt~~. 

tSethat--.ol• N..rngthyl forma~n.tde9 ~11\Wt.hyl formamide• tlii~hyl sul• 

PhO~i.~·nud aoetonitrile,·.oll. the above icns are tJtt:UCttlre­

i~ket1J wit.n. th~ tll.itcepctotla Qf -the: weak structure~X'ealU.ng ien 

cl.o~ in iiorll\ll~ ~Hld th$ bo1;d.tr.u: line ~ass ot c1o; in tOOt. ... anol 

and x.- .ita fO!:'ftlanli~- J• 



f.\SSUtlling vlscaus flafl as a rata. prooes1:1, t.he · vis~o$ity '>\. 
91 

can. be. repre~ent.Gd e$ usinq myr.:tng nt:>t'>roach 

where £; ia th$ ~m,~r.lrt'fHltal entropy Qf aetivatd.on which i.fl 
· via 

det.er;rdnet:i from a plot of ltl aga:Lnst 1· /J. a! 4 l·i.~ and A fJJ:;,: .ere 
T 

t.he f:coo energy• enthalj?y and c;.t.lt.r~py of aot~1\>at.1otJ resp~ci·•ely. 

Th~ v~O);:;tlert.l is d-atttl.t in a ·ditf~;n:ent-. vlay ¥:11 High"c:.invt!il~ 

ita 
and lJsndl~ \<Iho celculf1ted th.~ t.her.c~na.ifiiea of v.1acows flQiof 

of aalts c.ma ious i11 aqueous solt~1tion. l~vis value ean te . 
2 deter~'fii1.la(l t.teit11 the Jotlee ... nolc ~::IU!ltion ne9leot!i.~ the AC1/ 

... (35) 

• , • \36) 

"' 1t-* can be .int~rpretei:l ~,s the: ;tnore~t3e or declC'OO£r:G o.f t.he ~ lfdv 
aee.tvat;ion enar.gi~. foJ: ~~iscoua flo.il for the .Pure solvents 

doo to the prooence af J.oll$ .i.e. ~ffect.i'iio<$ illflu~ee of t.he 



. I 

a~t.t·vat;ton ena~lY i:1~r v1ecr.n.m ·fla.t in .t~ }JUre l~.tU1ti\ call be 

-.interprotUit.'l a!i t-h$ snergy re,;:{uirad to occupy t.he volume into 

'tih.ich the mol.ecul~ Juf!\>S plum that ~Gquired to break tl".e bt:.md 

with other mc1¢aule.s i~ the liqui-d is as.aoaft.et.ed. , ~u.ooe thtl 

' . 

natlb~r oJI tt('a oolv~nt ~l«<:ul~,a, tJo~e eont~itlution oi the ..1c:ms 

· t-o tt:re v.:Lseoua £low of so:twnt mcl,eou las MOUld oo gen~rally 
small. 

99 
Feal~lna et. al -m . .- su~geat.ed an alter:nat:.lve ior1nulati.on 

based on. tJ~ t.~(:tt'Uiiit ion treat.rnaot. o.f the relat.ive v.tsc~:Lt.y of 

preas.1on 

... (31} 

. 1000 

where V7 and ~ ~ro t:ha .t~rt1al tft,1l:-'1l volu:oou of t.ne sotven~ 
ot 

and solute respccti~ely; ~)t~is the free ~nergy of activation 

for "'lliBCous £1~ PG>¥" ·rnole of the.-JSolvent "'H;-loh is eqtt.'ll to 

• . . (39)' 

. 0-:F O=F 
The t!.Wtnt.iey \AA.I2 - ~M. t .is t.he cllalli;Je .1n ehe ac..'tivat.ion 

energy ·p(i!!~- mole of the $QlUte on .r~pluo:ing oner mole of solvwnt 

by cne mcle Of UQlute .in lHl. infinitely dilute solution. !J_JJ.~*J -·_ · 

;:ta t.he lr,nio n.cc..i:~~M~io:n ilm~C-::rgy at ii1£.tnite di.lt.n~ion. AJ.J.~f'l}'j,s the 

.sr•r." <:iWr.litat..t.w a.1gnU.:Jaance .as that o£ A E,J 1.:-ut <:J.tmnt.itatively 

f.U.fte~eru:.. 



:t.e a is krtown at ~ rioua ~emp~J:~t ure wa can calcultatG 

the ionic: activ(!\t,ion er~:ropy end~he· ionic aotivat..ion ent!halPY• 

· o:F o=l= 
J. ( .d,U'L. ) /rl T := - L\S 2.. .. . (39) 

/). H ~ :f:: = fj J,J.
0

2
=F + T .!\,S~ :f= . 

"fhe s~paratiG>n of the t.he1t~ru:~.;.'t\ic va:t.u~, ar·~ based on 

eqllf~lity "ffecta .for the ~"~ and. i;,l- .~Qn6 or .e.titC and (i-P~) 3 

.; ,. . . o=t "' o ';f .. 
. BuN .ions. tn ettt.teous ~@lu:c ion, both 1' t1 s2 and L.l a2. are ,... 
-pooiti.ve fo:t: '11.-i · i.e. the f.ct:mat.i.on .of the t.J:"ans1t.ion state . . . \. 

is ·astiieeiated with ba'td-break..ina aiV.i a (!~~a">Jee in order 

.. wh(3J:eas· tor cs·f-,. _A~ ::f= and_ T As;'* ali~ _nega~J.ve ~.e. th~ 
tr~$it.1on :J.:J. a~aocia·eeu w;it.h bon<~-~itlg and .1ncroo.sa in 

order. 

'Yi!:ffGCt$ of Shtlpe and s.t~e t 
~~ .... ~ ~ .................... 'l·--·-···•:z...-. 

This nal>ect of the pa;-oble•n has been dea:l.t. extensively 
. lS . · 

by •f.Jto.kf.ZS al'll.l r·~1lls • ~h~ ions in aolutiOtl _can be· :r~ar~,, 

t;o be r.tqid Sf)heres suspGndefl J.n continuum. The hydrotlynamtc 

trea~J:n~nt prea~t~d by tl!!nat.~.1n 18 laadS_. to the eqUB~ien . -~~~·-:: 

•.. {41) 

tn ease of armll volGJmt:t fJ:aet~lQna of spher.id\1 t>nrt.!c1¢e .where cp 
is the· "'itD·lUina · fBCt.ion oo::HJl}.J.G.d ·gy t.h~ varteic:lee. 



Mod11!1c11ltions of the «J:U~b.ion h9 w been t"'iopos~ by (i) 

Sinha 100 et, the basis of dep.!lrtur~as irotn sphmr:J.csl shape and 

(!!) vana~6 ® the ixu»i~· of the depender~ce of! the f1C1tt Pat-terns 

~- coun..-1 the neighbour irQ: particles at. hig;h~;ur- concent:t:m tiona • 

. M~1e"'V0~. oonsidez:i.ng t t-:e dl:ffert:lnt aspeetG of the prOblem, 
' . 

spn®:e-ical shapes h.ave b~o ~ssu~ for elf.1Ctrolytes havin;;y 

hydrated_ ions. of. large effect.iw SiS& tpat:ticula&"ly polyva.lent 

nlanoatamie catiunsl. 'rnus, we ha'\G f·rom (3.) 

\42.) 

iJi.:.tnt.."'(!l A tfC t.erY6 c:~u ~· nerJle-ot·f:lld ixl cocr~risoa \'~.lt:.il ~·L~ and 
... -· cp =- CY1. WheX't:! "J'i is ti1G ~;rt..ii::£1 molal volt.u~ of t..Me ion • 

. .. . (43) 

-·of the $t;lUte ~rt.!ml moJa;l voluue (V.t) "'.it.h slcpe !Siqual to 

.Th~ a~ can ~:e eq~tett to -
. . • \44) 

as~utfdug t.)'lat t~1e ions b~have like rigid g~iillJ:~s ''"'ith an 

C•ffectiw mdiitt ~.:.. {llOv.i.tl'J .tn a eont.1nuum. R~ cmlr;.ru)£~~d. us.in; .... .... 
ci;G e-~:tuation \44J should J;;;e close t.:o cryst.a.llQJr-~hic radii 

gr coa:~taa ~;;t$e•s radiJ. J.£ the .ions a,r~ aca.t:c~llf solwt.ed 

onG\ i>eha~ ~Hl spherical ~nt.:Lt.J.es. nut .L1 rJEmernl, ~ ~ lu*o -~ 



'The tlw~er n b 

the prl.itBJ:y sol "'fvlt.ion shell can ~e easily c.:a lctll;stafl t:¥y Qonpar.t.ng 
lill . . 

·the Jont;ts-uole equation with ~1112t~in•s e~oot.1on 

a..g.. ... (45.) -
\4he:ra v1 is t~-a mol~u: VQlU4M.I of t;.h(V bt<lre :!.on, v6 thu molar 

· ·'VQlutt~:J of the stil'V~~-. 

' "She e--.Lua:tion {45 l has been used by a .nuiibt'J: of woxkers 
' . 

· to study the natur~ ·of sol vat.ioll and solvat..ion nttrtlbe:¢. 
. . I 

&inst 
.Tttus. it is appa~nt that the B.ioo ~tl be eas.tly 

® lculat.ed l$!ld!n;J to the dat.erm.tnat.!on oi! atruetutal ccnt:.:e.t­
. Str 

.but. ions t.o a .ton.. as ;nanifaated itl the chango of solvat.icm o£ 

ions.· 

f~tuaies J.o mixed aol~~nt.ea 
~.1!1 ....... .., ........ .... 

Viscosity measu~:DGnt.a in illi.XUd s~l vent.$ are va::y .fow. 

·a~ the vie:h:::csit.y rreasurementa in ~~~a solvent.ts may well threw 

· · ma.:scb light;. on t te nnte.u:e ·of the eol~t.i~S~il a.nd .ion-solvent 

interactions. :i(ll fa.Qt. 9 · !n oases. t'lf -~i.na.ry ~at);t:.Ut::eli tho study 

of B-coeffio.tcnts of ele_ct~olytes ®ll pt'ov!t'le usi.;ful J.ntox-m.::at.ioD 

t~a req~rds to·_the struot_w:al ohanqfE:s in W$te~ t.fhen the eo-eolvant 

is adeled. ln ~rder to do t.h.to, it:. is t~oJ:th obtain;tng the J.on.to 



• \ 
• , I ~ 

valuas of the n.eoeffiei~~nts of: the ~ lt;.& in m.1~~ €Solvents. 

l:t. -woul.d thus be poa:Jible _t.o calQulote ~~G n: c~e£fi~i~nt.s of 

t.~nsfer, o~finai'd as 

a.w (!ii&ioie~) ... \46) -
V.tGC!csity n\easummGntS 1!4 ~xad SQlvents -haVE; been oa~~.ied out. 

Slttil•G'? 
in recent. yoo.r:B • 

~~!l<i~A.f!~4 

con4uotiulce nteesurernant is -one ot: most sccutat.e and 

widely uaud phy.s.tca l methodS f~ in~/\lstd.gst.ion of electrolyte· 
102-103 ...... . . . . . >.....~ ~ ~- "ca. & . oolutions. • '&•le rrusst;S.relt)ent.s can ~ na...,.,_ . ..a.n a var""'...., ... y o. 

' . . 

solvents. over ~•ioo m,rges of te~rature and presaw:e and in. 

tU,lut.e solutions .whert;t .t.nt€ltt;io.'1,1f: thtln.1r:1.ea are ft@t apr~licnble • 

. Fort un.ately for QS e.C<;Ulmte thec:t~ti• of ~lootrolyt;J;c ccmduc~ance 
- . ' 

&re available to G"Plain the results GWll upto a cotl®ntration 
. . . . 

l+m.tt ·of r.:.d (i~ d ~Jeby'O.-!it.tc)rtel_ len~Jth• d = ~"ensit.y of solution~. 

~eci:)nt de~lopra~nt. of emP~~J;ir~~el t.aehn.tque ~.u:oviues sn 

;accuracy tc tha Qeent of o. Ol~'~ or: ewn mo:e. Co.tl\hiatanc;e 

:{l.\faa::u.u:$~nta t.o;J~ther ~ith tx:anaieJ:ence r1u~~t ®te:rminat.iorus 

:pr<;:»v.1dQ . can ~llequ.;l veoa l. ~hQC\ of at.n;a.ttliri; 6!.Ulf1 le .. .ton values. 
' ' 

"!'he ch_.i~f. l.:Lnlitat ... ton, hQtfe'\l'er1 ~· t.~~. _ ezolligat:..t ve-l.t~ nature 

:Qf ·the J.nforrra.tJ.on c:bta:tned .. 

'i:~Wo t:ypee of ua~l:ul inf()l:~t.i.on c.IIJn oo Obtained from 



-. 
-Y· . \ 

.1} the rool:>ility u, the velocitY par unit £ield strength 

wit.h w:.dch the !coo U\OV6 thm",M9h solut.1on. 

1:1) the vaJ:'iatir.m of electrical ;;rt0b11.it.y ~ith concentra-

-:rneae info:t,mtion togethe:t With t;~'teor·y ti)il'la~le us tCI 

C>i lcu~te thc:r.mo.j,yhai"llia aaf!Od.~t.10l1 or diSl.i:OCiat.'l(.)tl constants, 
' . 

icm-aize Pararoot:.e:a:s, s•:illven~ ntulbUJr, etc. · 

l'-tottav~:r, the choice ana a:;plication Of trworct.i$1 

equP•t:.ions as we'll a.u equ.tprten~ and e.:wea:ii~nt.al teetul.\q;uea a,;~ 

of gJ:ea~ · itnpor:tnnce for pr:ec.lsc n-~u~~nw:nt s. 'these aauects 

haw bean dascribed il1· det~i~ tn a nWi'ber of m.a~tulr:.it.aeiw 
·102·110 

. books and mviews •. 

. ' 

. p~essure and the stre~t.h of the $leet:.r1c~l field. 

The solvent aff4K:tfl c~-,n~uotance due to its 'Vlecosit.v 

(resists t.hs tnot!on of .i~na), d1~leot.t:.:lc eoostant (com:J:olB the 

effective field Bt~eng~h and ~ntcctonic potential a~~aQt~J ion 

velocities, attract ic:tn b~uwee.n ions ttwreb-.1 the el(ten.t of 1Qn-

l)airinr;} )' mntt i~s speQif;tQ ~....llh~;.:rmetion$ M.ith .tone !aff~eing 

both mob.ilJ.ty und •l!HisOQJ.atAon;. 

·vatt.it~t..ion of t~;~tat.ure or p~asut"~ ehan:aes t:.he visc~aJ.t.y ~ 

&el~ctrie constant and c:tens1ty of t.1~ &:>l.V@t:.. :tn f!ddit.JJ..m, 

teaperatun .1a t.Jropo:;t..ional to th~ t-nertWi.l en~rgy Q_f both J.ons 



· ~rvs sol'11~t t\~l&)u.les and thus affects !.nte:raations amo~ them. 

f.!igh p1:easure aec:reasee free '\tolur~ and fore~s thfl! solution 

aon,pcnenta closer t(9eth~, thus changing interactions amo~ 

lll . 
lt:.tng · .str:essed the i~'ortanc(lti of th® folle:Jld.ng 

aspects• . 

11 4\oourat.,. tet-npel1atur:e eontrol - "* t.e~Y:atum 
contal of o. oos0c 1s ~cr~uirud fot: a precision of o.Ol.%. 

'~:tl .bath rat.h.e:: t.han wate~: b.:'1>th should Ua use(l t.o 

l'i'Void 00-Ptkcit.anc$ CO'-'J;iling bet'WeOO t~ leadS of clGCi:.%'C®S9 

the ~ol.Ution a.wJ the -~~h.. 

· ;f,.;t) tt;~cePtional· pW:1t.y of· solut.e atld sol vents. 

i.U.) AvoJ.~~nce Qi PQlat:i~ti® errore nnc1 precision 

of the OlGCt-l!'!®l ttlll«sure~~tf• 

The important aspects sooh. as prep~rat.ion of solutions;, 

bridge:s and c:onawtanoe cells heW been efflPhs$1se.d by a nuffil~r 

~f woxok.ere. The. the~i' _ana design of ~lternating" ct.J,rrent 

b]Z!dges haw beE!n disauesed .in dijl~ails by Jones ana ~1osepi1 
. ll2 113 . . lOti .. . . . . . 102 

et; al • ,. st"1r¢tllovaky · , ~vans and M..t}tesicll · • 

· 1Sin~ the eonductom~t.r .ic mat: hod pr iHtnri ly depends on 
the tnQl')ili:ty of ions.- i't ·can b~ suit_abl.y ut.ilised to daterrt•ine 

the dia~ooiation conatantD Of weak acid$ and as~oc~tion cons­

tant-s of_ electrolytes in a.<';tueous, ~lli:<ed and ~ea-,(M!Ue~CU~S so1-veats. 

The cana~t:.Om..1tria ~hod .in conju.act.:i.on wJ.t.h vJ.ar:oait.y meast.tre­

·~nt.e ~·J.w ua ·mltleh inior:~uion regez::dit~ the .icu1-1on and icn-

aQl~~ in&e~actioue. 

.I 

L 



~~·h~ $tudy of eoot.":luctance l's.easuratil¢nts i~e:r:a pi.U:tSU·:;;.d, 

vi~or~~aly both t.hfJor~ically nt~d SXL:lOr.i',mental.ly dtlr.tn;;t ttlo 

· l-ast fi~ty y~~re lr!P...d a nuffibeg:- l)f i-'1\Por:tsnt th.aoJ:et.ical e·-:xuu~ 

tiona he.• been derived. t~e :lahell dacll b1:iefly on set!)~ oi! thesa 

.. 
dissoc.intod in aoltJtion.,-s) dnd .iono;;GnlS \conai:o;t.itl:J t)f ooutral 

ll .. :l.,llS 
ffiOlecul~.:rs t;.hat. yi~ld ions by reactitl:J t.'llith Stl.ittllble $Ol~-nt.sJ 

~e a fu:.'1r.."t.:i.on of eoao:~tr.atJ.~n fJ.iWs tho. QC.Hlducta~l~ r,at 1n£ii1it.e 

tion cH;>:'lat..ant.s o$: ionopht;lJr:ea lriild ifliocmltioil .ab®t tha ~truc­
l.C$ 

tuV5l ot tho $t.'ilUtions j,o the vic,ttU.ty oz 1;h~ ion • 

1:11~ suoce~nftJ! a_pplir:nt.ion tit t':.ht.ii rJe:..>.ya!"'!'::i:oof;el t.h~Qry 
.ll6 

of 1nte~ior1ic at.tra¢t:..ion \.fas mlcle by O{lmage.r in 'Ol'eriv.tng 

. . • \4-1} 

'.. (48) 
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-The ~qU:i1 t.J.te:n t oak tto ~.c:co\ii\t, for the snort renJe. 

interacti:tm$ and also ahalpe or ~.t~e ()f · th$1 · :io!W i~ solutd.on~. 

?h@: ions w~lt'~ r~r.~ a& ~!9id c-:h~Jtirl sph~reue ;1;~ an .:~let:tltc­

atatdc ~nd hy~rodynal1'4«: aont1nuum i,.a.., the· so1\1ent
111

• In the 
. . . . l"'S .· . . .. l07J 

sub~qullilnt years, .~.itta · t19S3) J. <ttnd Fuoss ant1 c~'tltifatrer (195'7) 1 

llj indfiif:,;endently· owc:tked ~ut the~ sol.ut.im~ of the pr®lem of 

·~ lect:rolyt ita QOJll~ctantca ~oeountin;J fog b9t.h 'lo&lg'-~ange anf.\ 

· .infinite ~i11.11!ion usia;:~ .7FU~2$-Cn$a:g~t' the.ozry di:ffei:@d c:onsi-
lltl . .. 

d~rably l:t:am that Obtai1'led us~· ;?·it:t.'.• t.heory anil t.he 
.. · . · · J;oa; J.20,12l 
del;"i~t.iOtl .og t.hl!l G'UQOS•OnewJ~~ eq~~icn wo.G ~eat~Qn~ • 

. ll2 . . . 
The obt:UJr:vation t4·a~ cG:~n~il:'ll\ed ~1 Fucse-4taia. • 'Tho o:c.:tginal 

. 122 
l?~o. ~'lll~tian was meell.fi~d by W~tts ~nd .H·Bia ~ho recalculated 

the_ mla.!>tat ion i::f.el,d, retain;U"lg: the· t;;erms ~td.Oh h.nd previously 
103 

been neqlect~d. ·~h~l ~q~wt.i~Zl usuo.lly Sflt.:lleyed i~ Qf' the £~ 

• · · (SlJ 



.. . {52/ 

••. ($")) 

... (59} 



"r.'he va 1.u12s of L\ L . tarm are different £or: di.ffenn'it, 124 
th~oti:!'tical tte\llftrnrll!nt dt'~ri.ved Dy r.:?J.tta

123 
• i!'uoas nnt.'i Jfs!a 

125 
tH1d ~~rae:ft. • ~""Je a~e y.i'VinrJ tl'ic "'Wtlues folt Fuosm t.lllld Hs.ta 

• - ••. (Gl.) 

lb 

o. :15'11 
A d + 

. t-l3 
1.1191 
·,~ l!l ...... + 

1) . 

... {62) .--.... -
b 

... (63) . 

. . . (u4l 

HdWever. it has been fc:lu:nd t.'1at all the ~~tat.iorw tJX'~ 
.• 

J.nco:~.J.hlte aJld in .so~ cases fail to fit o~_pt;iir.Vnm.ntal &lt.a• 

~t:lme of these .resultss haW. b~on tU.~us.sed elaborately i:Jy 
. . ~J . . . . 

Hernandes • .t?r;~ni • l:'t.!rth~r cocrect-.J.ou o~ t.he er.~ua.tioa (!ll) 

. ,.., e.., .,.., ...e . ·"'"* . ". ltll er•~· . - i .t ., 'lldas IU.'Jf~e M'J .~:u~gs n .. g r .• c~GC.ula • bH...;,'J t.ooK . nto con:s ..... aerat.:i.Otl . 

o;t the change .in the v!~oaity o£ t:.he :.aolutitlna and a..asu~d the 

validity· of tlG:tldan' s .r\.l,ltih The neM equn.t.io-n bec.on-ms 

... (6$). 



tO a sy..mtem~tio U~ViatiOO Oi tJ1e GX(.)<-I"Jri'il"taflttlt l date. frotll th~ 

t: heoret .ica l e(;tUiit ions. 

:t:t r1a.s b~.~l ®sut:wd th&t. !ilJ.t:.t. • a cquot..ion g.tl\iaa b~te~ 

ll$ 
fit to the E1t:<l?'s;rJ.,:~ntal dat.a in iiitl~cuts solu~ions • 

Ion~as~Joo1at iQru .......... ·:·••"' * ......... 

1:'11:~ equ..'lt.1Qn (ISS) rts 9!:~n above successfully F:epx:e;~~r.c 

. t119 betlaviour of <:e>~n.Plet.Gly dis~~op.tat.ed elw);)t:;J:olyt;.e~. Tl1e plot 

of .I\ a{tain~at cl/2 
\li1nit . .inq ~o:er eq~t.lonl are used to 

aes.:!:Jn ~he (iin.tJOOiat.i.on oli as:-Jooiat.ion ct eleotrC?lytes. Thus• 
' 0 . ' ' ' 0 . 

i:f I\. {E'!)(Veri~•ntal} is r;JrGater than /\ (theorst.iea 1) i.e. 

:lf pQa1t~J.~ dev~tJ.ons QQdtu: (a~Jat'ibed tt) short.-:ange hard-

coJ:e r;tapl11eiw !nt:era.ct!on k;)et'A•n ions~• the eleotrQlyte may 

be J:ega~dud a a <:0."9:£lletely d.tseooiat.ed but if neuat.i w ~v.i.a• 

· tiorw (/\
0 e~( Ao thao> or posit :tva deviations fro.m.the Orlf.JatJer 

limit:irq tan;-~en~ {oU\
0 
+@ _) oaoux-1 the electrolytes ~lti~" be 

large ao as t.o 001.U~e ast9ooia~J.on $je;t.ween c::a&lo.na and ,al:timl$. 
0 ' 

difference in A (e)fp&..) and A O:.hoo) woul~ ue c:onsiaerable 

~.ith 
' 12.7 

.incruasi.:.~J asaoo.lation • 

. con~.'hx:·ta,nae ~a~ern@l.t.S he.l.Ps us to {..1(3te.rmim!l the 

w lues of the .t.onwr:m ir aascaiat. iCk"l c..'>nat.ant. ~ fot: the process 



·'--

tahete 1.- o(. 

kA= 
o<, 'lc "Y .f 

and oC -- 2. 2. 1-oC c KAl':t 

1/T (t~) G ;-;; <~~} (Hii'leldlov.sKy 1 

-l/2 .l/2 
n· \~) c:::1..J:1~ ( 1..-:t. { 1-z \ 1- ) ) 

and 1 - SC.z) = i+Z+z'-12 -t-Zf8 .+ ···· 
TCZJ I 

... 

. . . t6'7 )· 

. . . \I.S9) 

• • · iG9a) 

The plot of '!' h~ >1 aga .tMe c.r}.A j rcz) should ~ a 

strai9ht:. line havin;; ~/./\.0 £or it~ inta;l!'cept. and 1·'1/cA.)'l.for it.s 

s.ln"'le. ~:!'hen ~~ is le'l:\:f0 ... ther.:e ~;iill be con9ir.Sel:<l'ble Uf!Ce~t'.~i.nty . ••tr J\ .. 

in the dete:ewtincd '1>'a lues of t·t lUld f; £ron\ {69) • · t'hc Fuoas ... 
;'!\; 

f·itlia CondUC_tE.tOCE~ e.que.~ion f.o:r: aSSOCiated ~lectrolytf:-aS i$ g·iWn 



r' •. 

~-
. .I 

130 
The equa~ion ";as mt)d.1f1et! by ci'w.;taee • The oonduotance 

.. of sy~tr:tcal electrolytes .in d:tlut~~ solut.ions can ba mp~ 

sent.~d by t; he eqU.f!t J.~ne 

. '' (11; 

. ' . (72) 

... (13) 

*:r'ha cQnductanoe t1aranete.rs are obtained from a least &~!Uat:e 

treatme:'it after settit)'J 

e2. 

R-=- CV = 2t:kT 
... ('74} 

(ajer~urn•a cr.it.i.cal ~:UJ~tanoe>. 

~ccord.ing t.o Justice, t.~e ~nt1~hofl ~· f!:dn~ the J. 

coef£ic!et1; O.J setting n e. (1 olearty .t~rmJ.tQ a batteJ:-defined 

va.lue of ~.~-.. to t,jO obt:.a.in~d. ~it1ca the equr.tt.ion (71.) is a 
e·~ . . ~3 . . . 

series e:tPansion t.runoe:.t.etl at. t'he c ternl, it. to~oul.~ bliP 

prGferab.le thl!t::. t:he x:eault.iniJ e:t:t'Gs:~; oo absorl~d as muc..'1 &a 

!'-O.eaible by J2 rath~.r than by ~~S\, Whose th~o~ctic.:a.L .Lnt;a:;rea~ 

1a grant~r as it 4-'1nt.a.ill$ t re .illfoz·rnati.on. con~:C;&lit'la sho:ct­

rantJe cat..ton ... ard.~.m im~eract i.on. ·· 



-40-

K'~', , t.!ln.w can WlG tl'clO ~~thods i~\ i:>~de;- to · dae ur;ttitla the diattHlCfl 
~·~ 

of oloseut eP.:t)X:~f.!h r/' o:i! two free .ions t;o :fo~ one ion-~ir. 
l3l 

~'ha £ ollcr#·!ng iEq\1· tt .1on rlf.t'ts i::t~~n pro~'lOZed k~y Fuoss • 

... ('75} 

:tn somtl casces, th~ u'tf.at;Jnit.urJe o.f &~,r, f.i~a.s t.~Jio s~'lll to p.r~l:'i.'!:lit a 

~loulr!tion of a0 • The distance ~ramr:."t~X' t<J~U~ ~i;la;l.ly ®tier-
. 132 

mined fl:Qm the :!lOre gi!H'lw:'al ~:Iu~tion dtile to DjeJ:::rtun • 

·T=-'} 
k..A := (4 TTNjiDOO) J '/"2.e~pCZ'2.e(-r-c P,.T) ch· I • ' \'16) 

0 

e~ae~ fo); iii1¢l'V~t;..J.on in -whi·e'h the sol vo5lt.G!_1 ion can be e!.;vf:c:.>::-ei­

mated by a. h.mrd-mph~ure tnot\el. 'l'he method ha$ hlSlfn awceaofully 
" l.r d ' - . 133 Ut 1 ..a.$0 . Jl'if ~OUhta:CCt. • 

• • 0 (82.) 

":i·hu~. .a plot! of 1\.
1 

v-s c giv~.:I a litrn.tght ;u.ne ·t.,it.h 1\
0 aa 

interc~i't! ;a~1(), J' ot: \s-a. A") a{~ ·~~lope • .r~sst.:lin:l~ ~J<I{'co ~ 



•• 
..._o ...-.1 .• .,"';,;, '""""'A ,.,..,,,~ _-l<lu~ul ... tad f~:om J •. Thtt tl:J val.ut;t• ne;;rl..J.9.1bl41t .... ·~ ........ -. -U-~ ~ _.. - ""' 

· :u...... " ... ~. ""· 1~ - h-"* _.t.-·. t};~~J. ~tte. x:e ---h sr~ll~:r:127 t.nan \-4ou14 e:..n.~ .... ne·~ -x ""'n w 1.-~-'~ . .u.a - ... ......,. 

· ne ~ed £t"()n\ sunl!l of· cry ~tua llo.J :t.~ hie l'a d:u.. (Jn~ of. the 

l!;laas~:nlS attribUtt:M!t to 'it ~s io-rt-solvent 1nteract.1oaa whi.oh e~re 

_ nd:'. :tnclutle~ in the continuum th~o-.:y on V4hich the oonductmnce 

~qU!!tien$ att'e bs.i!tJ~Hl. ThG i.ncltision df. &electric saturatit1n 

.~asultH!J in en !n~re~se in- rl' valu$J \muc:ll ifl cc~orm.tty With 
·, 

the 02:YBf..~llo;tr.aPh1a rad;ii) cO.f alkali ~al talt.s \havitig ions 

· of ~!qh aurfaae chargE~: ~:rmLLty·) 1n aulpholane. '!'he vJ.soosity 
• . I 

·. correet iun ('iifhidl t!l~o~ld be n t\ c r~th~ t!1an D ~ c;ll~d$ to 
. . . 138 . . . . ' . / ' 

8 Ja~gez · VtalU(ijS t)f a 0 ·Jt Bt.ill t.h~ ag~~U~nt 18 l,l¢f3~• l-iQWc.l'la"SC._ . . . 
Utt.1le of· rQ"al p,~y:U.cal Qi';)'n1f1can~ t~y be- attaei1~ t.o thfl 

· dist.anae of cl~mt. ~P.Pt:t)ach· d~rivcd troa\ J 139• For ·sl.i.!.;Jht.ly 

· a2iaod1!!11t.Gd ~nlt• tm~J .slope 'of- the· ttuosa-t'lf~ag~l: equat.icm, 
. . . 0 . . J.«> 

~~~t _®tt:eQt..ttXJ ~Qr_ VJ.SQo~y. beco~s J - Ka "t2
/\ and Fuoss_ 

has sh~n thnt a~l ~t.t;a~a~l.e -p~!slon ot: Q.OO~\Q would be 
. . . 

r:equ!r:ed t.o resolw tt'>A! tuo terms. :t£ we asmtma a ! n~asonabla' 
' . 

, ~lue fQr t..he :ion!i'!'e!~e :;mram<!llter. we could caleu~te J and 
- . 

ft'om t. hG conrectod olo.PQ obtain n rough wlue et the arsti!lociati.on 
127 

ocnstant. • 
.134. . .. ' -

1Uo$a · in 1915 l?X'oposed a nc-'W ®nd~t:.mnae e.:a~tion. 

· ~te 134 GUbsaq~~nt l<y putt £t1~ard armthl!!r ccnductane~ equ~tion 

:(i.n 19"18) 'WhiCh t:eplacea th{l -o'ld ·e(!tt:11t.ions a~ge~ttt~a 'J:Jy FuoaG 

and co-wotkat:s. He· cloeeJ.f.i&d the .tons of ~n el~t"oly~.tc 

sol uti oris 1n or,~e- of th~ ~h~~e ~t,~'!,lor.tea~ (1) t'hc2e which f'!nd 

·an. ion of oppm~lte chatr~e ~n ttl~ .fkf_.4 shall of neax~at n~U.gh• 

.Pours \c.Uint.a'c..t vni.:t"a) w~th rJj • a ,. 'l'h3 'l.eqrea;t Jltf!Jti;ntli;lttt'a 



• ' ~ . 

:-+-c 
. \ . . 

~u:cun:d t~he t»~irs., 

, (2l 'tho$e :~ith o~:r:lapp.i.n:.J: a~n~y· ao .. spha-r!$ \solvent sepot:ated 
' 

pt1 i~s). ~ior tl1GS~ r 1j • · ~a 't. ~~~) '~hel:@ n i.e ge~relly one but 

u~y oo 2, 3 etc.: ·~~· is 'the. utu:n£Lt~r of a :ti:Ph~l:e ctlt'I:esb'onditlg 

to ehe ~va~~;;;~ vol~ \ttot.ual ,plu$ treeJ t::.e$: sol-vent moleo~let 

contact pairs fu:r:m by a sequanee of io~ol V4V~t aJ.t.e :lnt~r-

·cha.nge:e. jilSi~ t-J't~~ s~sph~~e•• until t\fo iowa of oppoeitil oha·rge 

b&QQ._ .Mrt:CGSt tw.lqhboU:J:B• 

· (Jl ThonG which find no cthor _tlft};G1r4'~d ion in a surrounding 

sphere of :ra&ua 1~, Whe~ R is the. d.iartl$ter of the c~sphat:e 

(unpaire(l lens). 

"Xhermal rnc:rt~.ton e.n\1 inter.ion!c :forces est:ablieh a ~te~dy 

st.n1:S:. rep~sent:&d by the equili.b~i6. i 

r!iot·vent -t;tep5aZZat.ed. 
l~ir . 

... (1'1} 

tiea~~al 
n~leoule 

·contact paJ.r:& ~~ ion~ena may l:Ea~ran.~e to n~~xa l 11E)lf3Cules 

ji, +ff~ ~.a . ~.g. I:t3o~ tu~d ot3coo-• r,;et. "< ~ the fraction of 

t!olw:.e P~'G$ent. ~• unpa.tmd ('~")il) ions •. ~he concentration at 

unP&i~d 1on ia· C"Y •. :ifi'oG ba the ·f~ction o£ ~.irati .ions ,..,.~ n;. 

then the ®no~l'lt~tion Q£:-'the: solv~~-separated Pail1 .to C(l- ) 

(1-~ ); 6rt" that ~ oonta~· Pt1i.r !8 oCC(l.-o<:)• 



~.· 
T -
' 

· · · (1SaJ 

. . . \'1abJ 

~~ho:c--e i~fit df#s.oribeB t.ne folCflljtion a·nd aapaGtlion of solvant ... 

. ~·~J:a:t$4'! t;a.ir:e by tliff.w.Mlori in 61nd ~ut Qf "Pllc:S:it~ of dia.:oot.er 

~ at'I:)U~ ~t.ions and c~n oo ~ lcul!\t&.ble. u;~ oont.i~UUI'l\ thel3t:y• 

!t!!'! is t.lla ¢-':>nstnnt ootwrib~ th~ s~-cJ.~.i~ ShOi:t•t•anjj~ ion-
li:<l' 

aMiid dis~80t?inte:: Bzi J.$j t.he ~J.f~e~€.7n.~ ·ill ~:;;y b~tw~eu $ pair 

in t.htSt states '\if w. $:U ar.\4 (r r~~~ aJ •. E is nll)asw:~d iD units l~'lt • 

. . . 

.. • {19} 

\ih1oh proouee lotl;:f ... .t"lJ n~Je' iilherien!c et;feQts. The <:Qnt:~~t. 

~irs ·::$act as d!po.tcm to a~ e:m:.~rnal £ioltl • ,;~'· lHl'd eon~rJ.but;e 

separat(tld ~.irs ars left. t:lS virtc~l dipolc.i1s by u~pa.irced iorw, 

their inte:r.act.ton ~it!h un1~i~et1 i9na is the~ef~ n~:t1l~f.lt.eil .in 

()lt lc:ulat.Jng l~n1!-~nae ·e~!;filtct.B (actively coef:lii;to.t~j~$' r".la~­

t.iaa field 6. ;-t J:lnd eleoe~oi)hol:l!ais Al\e )• Tha \Ja~io.us pa~t.~rn.s 



... l 
,/.'') 

+· 

I I. (SO} 

I I o' <eoa. j 

-whi~h is a ~h~$# ~teH~te~ ·.eq,u;tt-ign i\_= 1\ (c,~ _, R ~ £s }. ~j.f/:< 

\t;he z.."ela:u~atien ~i.~ld, tt:~~> &tnd Aile\t.he ·el~Qt~t>:ptto;:;u~io <:'vwtt,e~ 

current, ~t .. J arG l()tl';J•l'ange e~tec.'t$ due 1:..0 el.a~zc~~a:tic 

J;,r~tt:u:itmie ifoJ:Ces ~.txt P it1 ·tne t~c_t .10!1 .of. solU~t'$ ~h.ich 

·CQDtl':'tU:H.it.e~ tQ eonduct.anati cut:J:~ne. ~ is the dia~te:r at· tho 

. Gurr;ey .:e;L.a.~*"el:~• ':he ~~llmtE.lJ: ~($ (or r~:~). is a O:'lteh-atl 

·for 1!111 short-rt~ttle. effects. 

• • • (GOo) 

·In csase of -~tpno;Jena or for ionophores .111 solvGntD at. low 

dlelGct~!1-c tl~V!tnnt, o(; is 'Jer"J nonlC' to unity (wt.ts/i~) 1) arld 

the G·~ti;l.1t.1on beQomes' 

... <aocu 
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+· 

y 
. \ 

Y== 1-K.RCY
2!/Ci-oC) • · · (Sl) 

. . 3 
~· • \4 t'm /30elQ )e)(£>( /HJ · · · \ala) 

• • • ··(Slb} 

. · • <Gl.cl 

· ·" (Sld) 

'Tha deta.tls ~f the e&leul-t1tions are tjll::e~ented J.n the 19'18 
134 

p~l)QJ: • The short eomirtq$ o~ ·the previous ~t.ions haw 

been zect.tf'it.?& in tJm: pl!'eaent Bf:;,unt1on Wh.ien is m:n:s 9~nernl 

than t-h$ prev.toua equ..,.,ti.oos: and t:nn. be. used l.n the hi:;;hest 

cotloentration req1c.ns (t).l ~ in a{;tmw.s eQ.u.ft-t1~M}. 

t,inlit:il:'rJ equi,m.lent Ql;)nt'iuct~nc~$ 
~illil•• • a·sa....,..,...,,"tfr~'iill'fll• 111 IIJII eqr .,,......_ 

~he lim.ttin'.J Utquivelenb ®n6W-"'tnnc:e of an el~trol~"t.e 

can be e~~.ily i.i~er(rut~d !:r"'iil the t.h~br~t~l ('J"qu.~t1~ns ana 

e.xr;<-ar..t.~nt:.al OO~~rvatdor~. J· .. t:. j.rltird.t0 dilllt.iOOO_., tha ·~iCU'l 

of an ion is li-;nited s;olel~t . ~ the .inc.emctiona· "~.1th au:r::rr.:nmd­

int;~e solV$1it r::t!ll.~ules ,ns the Lons a1;·e £nf.it.U._tel.y apan. Unt'le,; 

these condit.ton89 the 'Validity t1 ~~cnlr:auoo.n• s law of in~~n­

dant m.t~rat ion . of' 1ono is al~t ax10J'1tllt.ie. Thus 

.. • {Blt\> 



-+ 

· p;t, prea~r.tt 11•\d.tir..r.r oqul~l~m~ o,.':\hd_uotiH'i~ 18 tht!t unly ;t;uuot:;t.tttl 

~~hia.}} ctul_~ divid~d .tn~o __ !on.t~ ccr®"nontu. usir..g- o~~r!r~ntally 

. ' d>-~tGt:~n.tn~ t~\!.'ulsporti n~J~~r: .of ~~oo. 

• •• (9Jtt') 

sep,e~at~ .tha l!.1oilt2!'1b~@tlS 4~ t~ ®tJ.i:)titil ant.i a,td,4'}~ JA th~ 

_sol~tifl:-sclvent 1nte~4t~t~~141• · tt~f;nrell:• $Cau~t.~ r.:r:anl.'.lf~r:~tace 

the rh.xbJ~·- . 

ua 
Qllly.. ~p1ir:Q 

f:e<t!EMS ·Qn 

. ·~xn t.Ma- absenoe_ ut_ .-~per!4"&'1'U:;t:tlly ~suRd tJransfftJrerc~ 

_n.r$,, it would.,_ ua~f43l. to t~lc;p :tnd!.:tteet mthOd t..@ 

. cbt~;h1; the li~it!.~g e'Jut~J.,snt c:~nduc.tan~ee in _ ot;ysnil~ sol~rit$ . . . . . ' ' ~ 

·;eo:; wt~!oh_ 0m;taril'~ntai _t::n~e.flStrenoe n~ra are ttC~t, yet avail• 

.able. 

(Uf >.,,Pk-;7[• "' o-24'1]. 14<4jl~5-__ 

_ A o, Pict._1, 0 -~ Oe2fi~ . : ;-' , · :. ·' 

.. 
~ . ~· ... 

••· (S-ib) 



., I' 

. ' . 

·liiaJ.den Qormiderstt. the prc~tets to be inet$~noonti ~ t.~~ta• 

:tUre and aolvt:~nt.• j·laaeve:r• t.h& ·Ao ~t..4r~.:<.i.a values u~ by 

~talden ~t:Ui fG~und;·'f.o- :oiffet: .at#ns.t~:.lerab.l.y tt:am the ~ta tii. s®ee .... 

;;;ru.ept ~ra pr.ec::i® ·s.tudi.® antl t.b~ wlues of U.i! a~a con:u .... 
. ; ,_. I • 

2$ · · ¥ · ~s :.ar· .r.·.· .... _,u ,...,._..,.. - (.ti.!J /\
0 

, iiu4l~· = I\~ • .,..,•,:t__,:Jr. (base4 on the ~tunU.t;.y 

· . ol the A :s s"4 !'tBPh 3i' _and .1\~s 

uu4NJJ\aH}~Jha tihJ.d'l is ~viaua,ly 
146 

V'ot~ ) 

... (SS) 

.. _,(.tv> -"~s. Ma3aetndn~ ... :A~5 , t~&.io4•. ~Jut t.hh is 
. 141 

ilot ~ liBtJa in p~m.ct iue 

.•• ·(86) 

••• {6"1 )' 

.u 
fll.lt-1 _frortl precioo t.~~fe~: nuUiJer tretunu;emant$~ wQ obtain 1\ o • 

, uu4lli~~ 0 .e~t o.,au .'* o.ooz and the n~ .. ~ho:ti ca~ not bQ Used tm: 
. 0 

$pl1t,t :tng 1\ -valUei~• 

. · ... 



•48-

• .,. '2S .154 
("1!) (.,~':), t-3Pntif o )\ 0 'f ~h!;o; * ti)e 6,"1;Wl.ity .iS 

®s~rve!d .in Bn~ Go~v-=nts but 

• · · (fWl 

• • • (89)· 

1'hg. ~quality holcln. ~cod in :n!t.~1~~eml ond ;Ln mix~u~es 

+..~ it.h ~.::cl4 hUt not t'~nLit&.ISld !cl «iEitha ru;l, ncetonkrile- and 

n!tl!'om~at.h~na. 

. •• <~~)) 

tmy be l;lP.LJ:ti~b~ forth~ equal:dJ.VJn.iQtl @l tla:~ (ilh4l~~uPh4 l 
but thtl ~thod is ·~ot·.ap,Plic:.D.blw t·o Q'bt.ain _l.ti:nitiQ:J eq,uivale~ 

e~UCt$~tce&. 
1.~7 

( ..,. 2a 't:~ .,.11·¥- '"),as s·~·"~ a-
!:d l\o • _uu4'll = /'\ o ' ... 'It" 

... (~l} 

~~ht;l ~thO(.! er~~':m!:S t.o be ll<.'lUlld ,as the ~qat.l:vv CnarQ:e on rJC'ia:"wU 

in 1:.l'$ au4e-. ton ,its· aotrp.l~tely $hi~.la(;'ld by £'CUI' iMr:t butyl 
. + · qroutls as in c~~ au4 t! .!cui t-Jhile t.hili }-:1\~e-no.-oonon ~'laa nott 

eb~erw~ ~in caSl~ o:f. Iiih~a·. Out t-;hE: r~ho1l enul.d nQ!;.. ~ d'Hz~c~•t!d 

dt.m to lz!d; of ~ceurute ttt~ulsf·e:t·.:<enos &t.a. 

hO -rht:i: eq;uation ·aor4\;eated by GJ.ll 

A!\ n4N+ .. ,.-;
2;t.-rr ~~~.Ei -(l.'i.ol.OJ£. ,. r,-"JJ 



·\:'< 
.~\" 

' I 

+ 
1. 

tJ: a.nt1 r,1 • ,<lll~~ge ~1 eld e~tystal.lotJXtt~o radius of p:r~Jt ioni 

. ~o ftnd E
0

• n.olvent ·v.isco~it~y am'!. d~lootrie oona~~liJ;nt Of the 
.·. ' . . .Q' 

. roodiu!1ll ry = ett'ljuateble ~ramete.:. taken equal t.o o.asA and 

1.1~~ 0 ~or: d:t,polar non.:..a.a~~~t.od s.olV~.it.S. an<.\ imf hydr~en­

. bonfted and otoo.r aasoein~o" sol v~t:a. 

· Ho1>'t~v~r. large d.iiiQ"Ke~neJ.Ga t~•~ dl.aerved bGt.We(u; t.h& 
. ' 14-J(b) · . . . . . · l4J (a.) 

:e;:;:pe~i~~nf;al an.~l ®lQUlatQd ~lu.ea · • 111 a .t:~cent. JtatJtU:' 

Kruttg3l~ e:xaminud the _13111' s cpz»ro~ch mor;e crit.:tcw.lly t-'Sitg 

cond:uct~nwa in &$ rmny all selvt$tits and f~®~:l the ~thad 

reliablv.J in th.rt!$ .aolv•<1iH1~~ll e.g. butan ... l-ol, ae~'tcllJ.tt.tle ana 

n.it.roM~~"Ule. 
. ' 

:It has· b~a fa~l from tsnef~retle.E3 ~'lsure~nents that 

.,s "'i !t> ,.,.11 23. ;m;... • . •~A ~- .,., lUI"'"' •.·~ i"". ·.lliJ. <r.J<<~~"' it. -P:l.l"", . ""'. •,"*' •"' t:he /\~"'' t .1-tl.fft:)B~:~~· l3H~ .· A 
0 

t "'TH.,~ •--· -""" "' ...,.!0>..,.~ .-,....,,.. ... uw 

. a net he):. only . by 1~. 
160 

. (zd.i) ?\:5' ·.t~-.m4N··~ •·. I\~ • i~t~.l~- ... \94) 

... \95) 

• • I (96) 



••• 

". 

~he -value i3 £0w1d to be trt$ :W·a: 'Va~io~ org~.tc 

. sol-vEnts .. 
161 

161 ... (97) 

'.The i~thoda tx.tl, bd.v)' and.· \~v) ar@ ~~J~.lt'~ to oo the 

fOOthOda Whioh C<"illi q-J.W CQg:'Bf!t SlRJ;J.e .iot1 ''V6ilU~S tOJ: any 
. . . .143 

o~a.rtJL~ solv~flt.:. • 

. . 1.4-3 . . . ' 
.. · · . ~~t"Wt'g~ l~ .... BirJ~Jt'oftllttCd a e.:~thQti .fg~ ~'UllU!'ffi.bl~J t.h~ . 

lilnit!r..g l()ll c~nduetan®S ill. OXr.J~illc ·oolv~nta or ~ania 
-~~u~a. T-he ~~hod is· based on t~H~ £a® tnat:. l3~e· t.et.t:a• 

4'!lJ~y.l(aryl)on1wo -loatt are nat sol~tea in QrganA.c eol~rtt.ts 

·in the kirletic sans~ '(i•e• the rnebilitv or conccnt:ratd.on of 
' ' . . . . -
solvent roolemtl~e urou~(l the .iou iB equal to -t:.bo ccr~spondi~ 

valwee J.n t:he -body Qf the solV~'1lt 1 _wh.teh are: l)ertt.urbe'4 ~ 
. ' 

thfl !.nfluenoo of f:ol.~lgo Partic~Sl due -..:.o" l~oS$ib;t.U.ty ~f 

·the forttt!lt.ion of df.)nf)lt'•ttace.fttt::ttz' co~>l~:«-~15 o~ ti'~ .icma ~lth 

the sol.va;nt mo~aules aild tlle extre.;rnal!f ~«:ilk -eleetrost.atJ.Q 

· itlt@t:ei.Qtions IJet.~::-eun s:olvent. iro:t.~\;tles -~·u'ld v.the Mlli~e: .J.ons \o.tii.t.h 

low eurfln-ce c~~rue ®nsi;tY• The· p~~not~on ·af' oon•Sbl.vat.J.on ia 
I 

c;,onf.trroed by H.l4 •. ~~. · rr.arisu~mat~S c:u1d iii! uti.lls~-<J aa a: ::.na.tteble . 

i~l for ~ppo,tt.i:on:tng /\.
0 va:'l~a i.nto· ionic cQ~~o:n~nt.s :f~:t 

.. tlOn-at.!UOOUS tiflili11Cttcl.yt i.e :Sol.Ut iOO$e 



' . 
~oy· 
·-·~ 

C'Qnac.i~lii:Clr~ th~ ~notion a! a solvate!! ior.l iu a.n ~lec~~o­

a~at!c field aa a lih~,, 1t ,i$ pQs~:.ible t.o aal~fJ~te ~he :radius 
. . 

of the ltiO'\fin;j pan .icle . by the ~t.cktlfa ectuat.icll 

lziF 2 

A"rr,o~\~ 
. 'l"s-

, . . (S!)} 

~ha£"6 ~ is a. ca-af~!lc1~ .~xyi'ng tf:C0£1) 6 \i.n the ~se ·of 

perfefpt. at;tclting) ·t.o 4 · \ln the ease o£1 :pt:$t"~ .aliP"~iDJJ• 

tl;i®C the r"~ valu-. t.he ~1 Mmt'ul~.iort of the nutt ... solvnu~¥d 
.· ~ . 

· tett:snlityl(ary.l)eniu.~ J:.~ ltlmit ·be ecn$t.t!i:L'lt.tt ~.l~ hnv'~ 

•.. (100) 

.4-
'rhiS re~tion has be;en ·~S~~i%J.6d f.tSl~ /\-;;·values detaJNtUti<!id 'W.!ft, h 

,prQC.iS(t 't!r:an$-fe.r(l!t'!¢0 ~~r~.)fli:&'S•. The p.ro&<:'lt. become:s t;o.nstant. 

nod J.n~P0ndent, o£ tha ohet~l nature o£ t.ht.! oz.."g~H1ie so.lv~e 

for t;he. i....t-·r~a·,._. vh4~s+ and Pn4a• ionn· an~ for. t.et.r:e• 

·el!t;t.JJ:J..ntl'1i.1l11Utn cat:ton~S stt~rt..tng Wit.h r.t .... ~"t .. l~t4<. The .t¥.!lat.icm2h.iP · 

Q!'tn be ~tell utilis~d to -4riterftL'ine ~~ oi i.:~ns :l.n ott\€:t arr;.}anic 

141 
$olwtd.on ruJmber . 
~ ............ .. 

ia km)t1n1 the etf.:feetive md!us oil the sot•tad iii'lll can elllsily 

. DG OOtermin~~~ .f:t'Qii\ the .4£t.okes. law •. 'the 'VOli..i!OO Of tn& Sl;ll ~t-.J.on 



-'~-

·c~ 
- /\ 

it~· . . 4 1T 
"'.s·~ T I 0 0 \101) 

~h@.:e r .ia ·ut-e a~t,sta 1 ~A~iWJ ~f the ion llu. \fould then oo c . . . Jl . 9ill 

oi')ta;1nee} from 

• · · u.o.a l 

l'>~fJ!urnina .t!lt::okes• rt:.JL:~t.l~n to nold9 the iOi:l.'ie ~QlvatGd volu~ 

162 
· t»hould n.a ®ttd.nGTd, beuau:se of iXlCking ett'ects iroa11 

1 I 0 (l03) 

· "'Jh~~e. ·v: is e:tp.l"ea$ed :tn ~1/litl!'C. ana ~l.l· in angSShJtotns. 

rh,·.i~ve:r:, t.he m~'thod oi ~e~~tlon o~ ·Bolvat!Qn nu~~r .ts 

not. aP.l~l~ble to io11i9 .of ~.um. a1ze th::.>ow:;h a .JlUnt.lY;;J~ of 
';)? 21 100 . 16""•1 ,.~ . 

empirical~""• "'· • · :t'lnd theor~ical co~r~t..Ji.onu ..,) ioa haw 

ooen ~Q;JgE:mted to f$~~ t.h@ ~f2J\fli~:l ~thad. 

~'tokes~ .:tau and rialc~en•s ~tal~ 
~~........., w • raa:~ •-•\ ...... ,. • • 1 r ITJ4i.all8.....,.. 

~h'i ltmi•t!ng_ co~uct.ance 'A~ of a spheriettl. J.on' 0~ 

;;adius n1 roovi1YJ in a s&lv~II!. ~f .dielli!!ct;r.:tc cont.1nuum oau·1 be 

wr·itten, aceortSi.'ng t.o ;~toltee•· 'hy<iirodyoamiaa, as 

1\ .-.(..-
/ZLeleF 
6Tr?'t_

0
RL 

o .. I61~IZ41 

7L 0Rt 
••. (10<0 



+ 

·I 

in an\fSt~ctt~.S. tf the ~.diUJJ R is as~u~d t~ ~ the same in 

ev-~~ o~~l!ulic sol.v~t, aa woaltl be t.he C!Ulf.i oi buU.:t ~anita 

• • • ( lO;l) 

'l.Jfll 
Tl'lis i.s l<.noan as 1iif!lden~ s rule· • ·-rne ef~~at.i:\0 mdi..i qbte1tls4 

Wi.inrJ the $!Uat!oil emn tl6 us~d to obtain BQlvmti.on nmlt)e);'.'. •fhe 

~ilure of· the Gt.cltetl• ~dii to ~1• the ei:Jlectiw si~e o£ 

t.he solvnte<S iOM for atf!.lll.l iotw 1e SJ(i)f4U~l.l.y ~GedJ:$4 to th~ 

ittmtzPliaability of· !Jt.~Gkd~ .l."!\t to a'OOlecula..: m.ot.ione .• 

lOB 11 169-170 
l~ooitmon and. .st.~m~lt1 , 1'11~~htc1tma.le · . .t;nd. ·others 

Plotted r:et.tfl:e vet:sus r~n ret.f versus r:ti a.nd r:x ~Jtsua re 
t-Jhe~ ltB .ilS · ~tdt@e' ~adiuli, ~eft ,. e.ffeat!ve tadiU$ of ton it) 

' 
· solution u'tdch a equa_l. t~ the otyGt.a:t Z:adi! r:x of tne 1tu:9'e 

. Qnd tmsolvat.ea tet.~a~lkylnll'Ut\t.n~um ion aJ~d Q,)te~ned .t;y · calib~a­

t.to..Tl outves :for \'taQh s-olvent. tQX' ca.rrect..in;; the t~tdtttti• radii. 

. <}f ionih · HOWriWX't the ex:p-~<rirt~n~!ll resuJ.t;a ind;L~t.~ that- the 

tnat.hod. 4.$ · 1~f>R'eet a3 the i~hotl -:te ~~ en tl'1tl. Ul:cng asauc~ 

t.ioo. o;g tho ir:!~'n~~~nce -~ ~-la,ldon•lil .produet, tJ~th ·tc:~.retutte• 
. 171 

"!'h~ idea ~£ :Mc~~opic v-ieeositY' .· was invoked ~i'titthwt t~h 

1?2, :173. ')•frjo ,,.., ~ . .... . . 4fi •• 
SUQOC!SSI · . ' ~"" •\o. ~~8 wUI\ .,.;rJlitn(J: that 

.. · (lOSa) 



-+ 

whare ~ ia ~~s~ lly o. 7 fo.£: .alksli metal or halide 1Q4& and 
l:'i4 1'15 

·p a l for the lhrt;le ions · • • 

r h:11s ~n attri.uuted to +<-m-d;t,polei .pu-:LarisntJ.oo ~nd t.hu ef:&e-ct. 

of die~at.:d. c aaturaticn on n. 'the depend(llttaa of t.he ~-i'a~dti!~ 

product. PP7't
0 

on the diel.~Qt.rio const..nnt led ~css to eonsi~:r: 

the Qf.fe::at, of the eleet:t.'Q!itat.ir.: fomes on th€.\ hyd:r:o4y~ ,rJ.c of 

trne sy(it$lfl,. consldetiWJ 'the e!I(Cesa f'riction..~l ra.G.t&tllnce 

~ttJ.ead by the <llele:ctr.tc WlA::mtion in. the solvent c:aueed tty 

iotiie n:~ir;n.t :f":JOi$l'f. lflt'~l~,P~ed the z:elat!.on 

• • · (lOt)) 

.•. 0.07) 

wnare Roe ,is the hy::.1t"'od.ynaJ'd.o: radius Of the J.qn .1tl an hypat.het.i­

c~ l ~t:U .. uu~ (.f! ai.~leetr.ic constant ~H"f.: re all elect.ro$l:.atic for~s 

V~Ulieh4t 

l~4 
at~d g~"~ t t'l& ~~,r;>t'lf.'l~ai·on 

.. ." U.oa) 



... ss-

/l considering the effect of r.U.elect.t'lc rela~at.ion en ionic 

raoticnl 'I is th~ tiehye rela:tation titOO: fer the ~ol'V~nt. fi'lOl~-

oules. 

l6a . 
~,.zan~i.Q tre~ted. the ion as a. r~tqid ~t~h~::t:~ of rst:UU.a 

r 1 moving ~at.t·' ~ steady at~:ate ~looity vi. t.hrou,.~h a v.:l.ec.::us 

incornpr~sGible dieluQt.r;tc ccntit\UU!.n. ''i'he condttct.anea OtJU-:ltiM 

:suggested t)y }1Watl~ig is 

Zt_e F 
•.. (109) 

0 ~ 'C,.,., ~;t~re the static am the l.tr.(dt.tncr high .... £tequ~cy (c;ypt.J.cal) 

dt~:~lectr.;J.a COnatsntBt h- = 6 and t~,..\ »I -!_ for perfeot. l.'!tit::::~in.-:w 
v ·h" 

0 
..... 4' 

and ;..v o 4 t::Ht(i F'~~.l = l fo:ae- P·~rfeat sl1P&>ing., 
4 

.•. (lJ.O) 

l?7 
!'h(r'l theOt"J pr6d:tcts that I\0L pa$~.J~ th~tHJ.gh a fl';)~!mum of 

l/4 l/4 f- . l/4 
21 l':r. /IJ..B '1.t ~.i = ,;:m} • ~··he phti:norn.enorl of ~:ftrnum cenrluc-

t.anc:~ i.a Well t;nci\hh "f:M :a:~letiorash1P hold& fjOOd to a :teaeon.ab~ 

~niona. The cortdlX':tar.100, however. falls emf rathtiut tllOre r~.1aly 

than px·e<~ict.ed '~>i ith incr~as.incr ta/iiua. 



\ . 
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' 

'Oor co~ri$on of results in dj_~fe~Jlt sQlventa1. th$ 
118 

equation can be ~arrangsd as 

••• (lll) 

••• (112 J 

itn order ho test ~J;wan~d.g•s theory tlle equation (lll} 

was aP.L.:Jlied t,o t~ttmt'l:ol1 ethanol, acet:ooit.rl.le, .butanol ~utd 

pentenol SQlut iona Where ~co\at:ete conduct.~nce a~ tra.n~ference 
. . . l77-lS2tl~l• . , 

data are a Vtiilabl.e All the plot;s; "lfere found to bo 

straight l.il1es. But the X"adi.l. calcUlated ~rom the intercep;o. 

avct alcpes ere i!.(ar aPa~t f~t'HQ ~qual U:t<cept 1n a~~i c:aes ~xe 

~derate sueoess i."i! noted• :tt a noteci that th~ :r:~la1eation . . . 

affe(;:t 1$ not the PJ:Udo.-ninant factor affect.tng .toni<: W'JbilitJ.ea 

~nd that these w$.ility <U.fferencas: cc;}ulct be ex9~.ined quali­

t~tJ:'VI:!ly i:f the micros6o.p1~ .pro~rt.ie1:' of t11i solvent, dipole 

n¥>nlent arul f~e el®ctron pairs tie~ C('il$.i!J~J:'ed the predorainant 
. . 141 

fac:hcre in the ®v.!atio:t:l :from otc)-,es• l~.aw • 

It .1a noted ~ .. et the ~ii·am:ig theory is suace$G£ul for . . . 

lat'·ge organic oat,ie>oo in e.~aroti1o f'C$d1& ~~he~ aolvat.iOll .ts likely 

to b() minittta eat1d Where v.itacous .fr.tation Pl:~cloinizmtos owr ·that 

caused by dielect.xie relaxat.l.On. The t;heQ~"f i;,~a~s dawn whan-
·• ~ -



~~--! . 

~-

<~-. 
··{ 

-~·~ .. . ..,, ... 
'Jk - . 

aolv:ent.s ·"·Ol::- hiUh P'. at1d .:for :ions _of em,r;1ll r 1 ·~~ ~-rw eo~t.nuu~ 

ttVlQJ:Y. ~~\~a~ziu haG t. ~'~ inher(;.."nt ~taa}(n~$s ~:>f its· ~na.'b.illty to 
· · H3 

aaeount for the at~otuJ:a;l footu~a ~.g. 

(1,) !t do¢8 DOt all~ ·fo:r: ~ny eo:t:re!~tior.t in ~~e ~E!OJ:i~nte-. 

tion -of the aolvent ~lecules as t'~tt .io~ p4'*BS~$ by azlel thi.• 

tte,y be the :t:4$001l lil'ay the ~uatiOtl_ do net. apJ:">lf- ·to hyd:t«;Ein 
. 194 

· bonded sol vent o · •--

Th\'1 theoty does not dist.in:1Uish bat~•~u pQaitivetly atti 

n~ati \'ely t!!hal:ged ions and t.-~~(!tlt'eforo ~tl net et4gle)in Why 

certain ~r:dons in dtpolal: ~prot.io media pOB$ess eoooid~:ra.bly 
193 

higher tao.l.t~r aoodUQtanees -than the £a~tlest et:4tlon$ • 

' 
-rhe ~'!-alden t>t'OdliQt in Q'IA~ o.t . nu~·ed S()lventa doaa :taCit. 

ahOf lilrlY cionGtaney Dut it ehaiB a ~~mu~n in ¢a$r.= af OM!? ~ H
2

o 
. 13:3·131 . . - . . . 18~-

and '!-):"~'\ + a
2 

o · · ml.!itt:tUros ~na ot.r~ r aqueo~ birnlty m~~ ums 
lBG · . · . · · 

. _ -. :to d~~ive e~~osiollB tor t.h~ ~ri.a.t.ion oi thiS ~fa14en 

WJ:c'o!l~ts ~,v·ith the dt~rqporU.t1on of mt~ed po:L"lr eolvanta, Valr!ous 
_ _ .164-, l6S,.l99 . . . . _ . . . . . . 

atte1~te · haw be~n made \-fith different ~th?dels for 

ion-solvent intemat.ions out no aat!afl!ictory G~z:-:ess.iofi ha,s b$Cn 

d~>:ivad t~l~io-J into a~cot.lnt all t.w~a o£ 1on-spl.'Vlmt intciae.t:l.ona 

as :t (lJ !t; is dif1li¢Ult tc :tnclu&r: all t;.ypes Of tt:1tarbct:ioWJ 
' 

e~~fi!Ss:ton; 

(2) it is :."Lot pos~ible tQ a~¢)Ullt. :for S<'-iMi sp.ecifi~ p,;opertie.s 
13;) 

o£ dii£er_ent kinds of ions ·and aolvti:nt molca::t.1l~s • Ions· cnov1n; 

in a di.f.ila<:t:.J.ttc roo:rdtum elep~J:1Q1n®, a·, fcJ.etj.o~ ~orce d~ to 

,,,· 



.~~ . ' 

tl!~~.el~-rio :tooa illt'i~inq fron:l .ion .. so,l'qent .intamet!otlS with thtt 

hydrody~ridc foree.· ~-}w~ttd.~· s, e~r~sion thoUgh $QC»Unt for: a 
. . 

ehenoe .1n ~~alden PEodUdt:. ~U.th solv0nt eom.,;>osit!ton but ooaa not 
. - ' 

ace~,l)unt_ tor t.h~ it'Eiid.t~. Uemt~l90 SUJg·e:Ste.d that the ~jor 
devifltl:ona in the t~Jtd.den pX::Odt.it."t is due t.o t.he 'Yeir.iat.ion of the 

' ~ll.e~rocherrdeal equilibldurtt bat.w~~l .tons and $olvant moleeulfla!J . ·. . . . 

tl:1th the ciottpo.a1·U6n of rni~ed polalt eol:ven~e. :tn cao~s l,i·hat'e 

more t!~!11 one · typ$ of $O;l.lVatttei eortt»lexe£1 _~t:~ for:m.-ao, thG:re 

&hould b~ a ICa~imtUfi l1lnajcr a minimum i~'l the 1,lia laen. p~GY.:iUd:.:• T~.!e . 

.1$ st..tppo)i:'tted ·fJ:om ~~pat"il~nta; ~ee1.o:Vatic.n:B. Habba~:d and 

oasat~$!l'191 have dfllvelepoo the ~itliltd.o t.h4aot:y ot: .io~solve'* 
!t.lt'.~tnatio-n Within the fl:'aa&WOJ:k Of COntin~\.lfn Met:hSL1,iQ$ 'tfh.e(e 

the cc~le!ept;.· of h;i~t.:to polariuation daf.icitncy has bl.iC!n it\t.a:-o.. 
- · .. llS•l37 . . 

£aue~d. ·~4tl Uahadur and ~a~k1&.JW~1 . - . e;cpl..~intad tl'le var1ntion 
. -· 
of 'it~lde~ prOduct (in ~"W' •·tt2o anct :D!~ + '\~o mixtures) on the 

basis of rnyu;i!',>phot?ic · hy~mtiol1 of ,tona due 'to qo..sol.vent tlMW 

, O"t' !lH~n.. givinJ excess m.?hi.l.lty o~ ions ptoduei~ a ttta~imum in 

~1--l:den i:>roduct !n the ua.tar ::!oh ~~ion wlu$~a.1t so1v~t.ion of: 

iono t.:itn Ul~ or t)M!-~ will 1oe l'ti.OX"e· e~teeu~ in tne ~ 0): ilM.~ 

rlci'\ re~:ien reault.!ft..) in fu~th~~ ®crGr~ee of YiJ'alaun p~oducc. 

HO\'!E.'~er• q;Uc-H'l~itat.Jl:~ e~mtu:~.:.t® ie $(:.£ll a~ited. 

S'urtht~r inprowi~nte nst.ur~lll~ ~at oo in t(,u:rna Oli_ U.} soph.ts .. 

tiQate.d treat.~nt. t)t d1\!i,l~t~ic 8!\it·U.tati~~l. ~2J apit~t::1f;:J.a 
. ' 

~truet.us l af£eQt6 i.I'lV"lV'itt~ ;i.an~~aJ.vent .i.,nt;;2:a;Qt;tO!lS. 



'2•~tho~y athanol V:~) iind l9 2•dim3tho~ (tt.ha~ (.tJt~) 
'ihi!JI • r.t I Pllill!IM: .... :eii ... 'IIISe ...... ~·· .,. ~1 Tl t 1 '! 'f ~ .. ._-- ·t·"!" ..... I lil!llto 18f-wlW'"'' P I_· I qf Ill J'rlf pe;-.... 

viscom,t.lt.tc an6 coochtctom~rie r~J.Jure.wlnt~, 0:1 ion-solw~ 

interact~ons of oot~ tetraalt~ylammoniUt&'l haltoos and alkali 

metal ha~i,.3fls .in SQnl$ ncn .. a:qu.eous and inll<ed aq,~ous eo...tto!Vmltts• 

The c::o-r.tQl'Ve~ ehQt'-Gn for l!UC:h a\!u4 et~ are Z•t;;:el.l~olvm; v.t2:. 

u.v .. ~thyl Qell~~olve. ~1,2•M•thdMYCethans, ~MB). 

®1ei!1.'td:.i:ll.y th?.l)se eolve:~s a~ mone,.. a.nd d!~tchyl. u~hers 

of ethylene ~lye:t'l (W) ...-. ~~ :Ju:)l1W•ent we·11 studied uith re~at<l 

t.o istl-solvent. ..trtt..~ta.ctione.- ~he 5~u~y an 1~$oli\1r!l~\i int!erae­

tiona in these dtmt,l.VGtlt system or(.ll li~ely to ::ce.f.l~QI:. t.h.G eft~ 

ot! !n~~~aina nu~t> of ~~hy'l ~L"''~S (~le_qe.ron wl~asi~ 

:tnduet;,i~ ef.£-ect > ~nd dea.r•s.trs:;; tALmbGr t>f .f.:)Hi -;.:o~th 

.IN. stud!em-
1

'9
8 in:t!l!~.u~~ ·t'r1att t~ p~e~m:tnant. ae,n£~ut-at1ons 

1t1:f ~,ri: rMleeulfi in t-he gauoh fi~'ll) tQ fnoile .ine~molecula~ 

hydr~1eJll oonai~J aa shCMn itl st:r;oueture tt~ ••• :~1~ no &..ntra~le;cult!r 
hWd~oJen bondin;J is ft$tHii11,.bl«~ in r~~ m~~ thfil ;pr~~:kHtu.nane 

~Qnfit;tt.lt'atiml of 1~l3~ if!J t?~ txana ·of m •. 
~~i(~>le consi~rs.t..:to.tl o~ "~l~cu!;ait .st:;~l.1ctt.\r<a int~ict.\t.ea 

. . ' 

of cm3 .in methOJIY 9roup., ~ .1a rnt:it:c ~a.ic t.han et.hylet~ gJ.;ycol 
\ 

ana wat.e~. ,A;ltlo, t~e i.:G&txi.cted a~.ilol'Jil-it.r of.. t:l~ aQ.ttU .. c 

K~torn of OH ~roup ®l,au Mlt £Mle(lul_as l~.ss ·~c.id.i-c t!'41ti ethyler» 

glycol and ~:.$:ter, .t'!1ua .1~la1t't.1tli! n •rJ,ws.wt;~rQt~• ehara¢tJ~lt' 
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te .it·• · c~ t~''\e. ot,l"lc~ l!at1aj'"' (~.-.. ·ee t.he ind.~®iv~ &tJLtect of t:~to 

ot3 g~~f:l• t.~e tuo ~~~ii!oo ef ~~~- ~l~ul;ls e)re· ~~~ ~-~1a 

as eo~'l~:ilted to toha~t o£ ~~<!Stter11 tr.G a.nd ~'<tll"' aut, d'llE~ ·t.·o ~h~ abee~ 

of any F.teid!~ !'l'Yt~~JQn ~tmu pt.IJE · U ·a ty~)i~11y ap<r:~1a ~~l'fflnt• 

Moreovt:tr:, t l'te ilmaieity ~tHld pret.ie1ty ~"L"G l!tl~Zt;:rr to l#~ 
. . 199 ... 

xelayed throu.gh· aooooOpt~:~t.!~ .r$i:Nd.n .. u:e ot' H-hondi~ ll~~t.ia~n 

t '~ c~so1vent ~ Jld v~~ter tnol~cw~e tin · e,q~otm solut ioruJ. 'l'h~JG 

.in ~ ·~ ~2o t$~•et(:l~ t~e .pQSatble H: ... bon.de~ a~s9lv~nt. l'i~atcu: 

¢otrp l~ of t'$ t.yp~ it,i-\ 1$ al$o: trtet.'\t ~~i<: and l.~a$ 1lo1t:!.:id 

t.l'mn ~~&te"C ~nel ~G~i~t~er ~t;.ua-:e~. ·ln uMm wat,~r li$:!f$tu;.n t.f4~ 
' ' 

poJSS.ible a-n~ded :a~lup.r.;.nt:~ ®npl~~s au:{) oil! t.t~.~ tl(pu I:n~ ~nd 

et. · t'!nter: ric11 eonpoait~on, t.h~ late!:: ~t. ;;.tat;er d~J.Qi~nt· e~~~.t­

t.ion.$. ·xt is tQ ~ 1~ot~~ tJ~t ~1tl~ a -;;Ja~he :t~~~ «iX:t~n.u.~d 
. . 

..Q.,f1!•C"r12 .. \Jrout~ .lu .:u.~e1y· to c~ ffif},l~~ fa~tJ\lt:able i'O-" atPfifCdo.at.ton, 

J.t. rt\!iy i~lfl~e."\c~ th~ ~Uili~~ura b~i:.~~tr«l1l ~.r.ttuas -~-~lil ga't.iO~ f~rr4S 

in. fe"''nttr os· ~uoh$ i1()'tt.:>1 as nh~nt in lta. In a(J~~t)U$ sol~ti~ns 

of nt~ both llEl and t<tc ~t'e t!imt:t:~ b~sic: ;.and 1~a acidic: than 

' . 

.incl:~aetn~ly mt)!'W t.taaic and at tho $Z!:tne t;i•"~ les~. aoid!o than 

not only ~e .water b~ al~o t.o ~1~. Thus th~ oxxfi~r of bat'.U.elty 

to be .; water (Ht~ < :o~..m·.-. Also .t.~ ~lati1l'e ·~·u::;ridit.i~s woultl 

in.Qt't~ae.e it'l the lfevers~ ~:taer. 
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been tepq!Ct.ed at cU.ffet:orlt tet.t.H:;Utt~s ~r:u::ot.:Q~'!OUt the. uo;tpQS.itiGn 

z:oen,~. iloth p~~et"t.-tos at:e ~ound tal ~Gc::~s~ 11\':>ntltordQill.ly with 

co£!tJOS1t!o:rl. rtor ol.m-wat.or. ttyiJtem a~so thtaae values at. diffil~:ent 
l9a • - -- - ..,..;.; -- _.__.,,........u -.,....,.201 

t.Gmp¢t"aturea are ;gVt:tilnble • De$Bfl11J: ..... ~h ... u co-,...,.,.""~U""5i> 

haW ~Ort4'ed app~r:ent molar ""olu~ ~nd heat_ C!l!'~oit~e:a of 

aqtteeus ME· ~t watl'1;':r t;iah COlftlOS1t!.Oi1g at 2~0c and: GhOWod t.~<tat 
. -

·wr; A.)eh.aves a• a fa.ft.rly tyPi® l polar nun ~led:r~lyt.e .in -wat~r. 
- · - . _ _ 202 . :aoa . _ _ 

Heat. capacity and heat of e!)l~tlan Ql! ~E nnd nl$Iil fk'1~ 

b~n )Z'epotted by ·rtu-rrber Qt.! workers. Pnl.t1al molar voluftllt
203 

ot: ··m~ ancl ~ ha'Ve been .s:tud\ed \'lit-h water. The c:1mnijiD in free 

en§!r\lYt. ent.r~y and ~11t;.h~ll~ asso;,,~t.~d uit.h t.rans~~r of t-ro and 
' 2~ 

0-
.. D~ £x;orn 1.d~el ga~ phaa~ t.o 4ilut~ ~q:t~et.\1.$ ~~.')lut!on· at; 2S :C 

have ~lao _be~n r~~o~ed~ . · 

Nota~ly ~noU.:Jh1 t"el~t.iV~ly fettt etUdt~s have b~u re_pQ.rt,ed 

-with aqueous 2-~t.'hO!cy ~th~,nol~ ~nd l~2..,.dJ.m.\Stho~y ~haue as 
.. ·. ·. ·_ 20$ ,!. 

~olv-~nt. . ~&.a,. .. i~en~~d and. ~uati~ . atudJ,ed ~he cut~diJ® ~~trie 

be. h~lviou~ of cscl .in nMB""w"'_.•·er v.-d ... ,., 'W\:'e_·s *'""" ........ -:'1, ... "'""~~ ........ "i · .......... 
;flo """"" .At.. . .....~ ~~ .. ~"l'ag';ot"'"" -........ t~ a~-o~·-

. 'i:-3~ter and 'l'ftW-wat~~ toi!{ture~ anet th(:l di.Uta~~nt ob~e~ved ~or 

.t~,e ~ton-asuoc!atitm were intar~u~etad i.n te~ o~ :diff6it:¢nc~ 

in sprot.!a nature o£ .thei' (),tg8t11a mol.tlcu.la snd that Of nao· 
aol'VGril e.ff~ot of ti~ • . on ~od!U!n ~ttl.t 1on .. p~!il:s 1 ma ~orEtJar:em 
... ,... •• ~~ ..(;! """'- l - _;.:i ~-206 ~· _., ' . a..9 .b.n~ .snv. ot.rl:t. ~ so v-anta were $tuu.i.l . .l .,;;:t:c.;m. ~1:~~l spec\~ra. 

. . . 
-.conduetaooe bohaviout- of ion-pair fort:mati:~n o~ tet~~butyl .. 

. . . 2.01 0 .. 
·a;mmonium broiU11;kt . .tn uq~l'~ - at. 25 c w~a int'~~rpret~el on the 

basis· of mpdific!:t':ttion ~ia~e~ at.t:u~t:.t.u:e:, dep~ndi~ on the nat:.J.JX~ 
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. . 208 
of· t~1e mc;ilver$1., St}itul rstud!Etia the re:U~t.ton b~w~.~n the 

A~tructure of wat:;;er ·mi~t;ui~s tfJf a1"t1ai1~ ~ol~ent:a.; tb.eir solvation 

and c~t.ton ¢:g()¥-mnge a.el~t:tlivity ·Qe· meeal. · ions ~t~ ~qiteou~Hlil.-
. . 209. ' 

Hor:ul ~1nc.t co-tipxt<.ale$ l!lltSo p:redietetl t.h~ lital{ltion betu~~ul lmG _ 

<!netgy of ~:.~~f~se ~!l11 .sell(f.~:t:~t1ty ·.e'd ~n · ~~.n ~~~hillt\94t'• Aae1;vlley 

coeffiei\~r£& o:f t'iaCl J.n ~iat.e~ 'rr\lL~U<rfls· os; tqW; ~Qd ~~W at it.W/''c 
' ' ' - 2'10 

we~ stud!~ ~l ri.:f.Qhnrd. at $1 • 

' ' 
' 

in nuffba;;:. e;.f ~h¢il~ $tW.ioa on dtf;l~ec;t.l'ii<: p~qp~x:ti~ att ...;a~.i.flUt.s 
. ' ' 0 . ' . 0 . ' ' . ' ' 211 ' ' 

t<Ui\">~t.U~e t;- a~ c t.b' ao cJ · ei£ l~. ~tlle't u~; · · , so:t·@.i:U.~ll 

· $tuo1es; on alk.~li mt$:t~.l. c:nlo~id$$j t.~r~('\l!tntulte .4fiPllfnd.¢nae of 
' . ' · .. ·.' ·,212 

eleet.t:olytic ~t).t.ld~t2l'lt;e Q£ sttlt$ ~n·t'.\t:l. ·~· ¢~lc~la~ion o~ Aonie 

e~llil vatt.:sn. fr•. Mar~!.~ G-~: en~-~~iteQ. ~~ . t i:aru~f'G·~ Qf gaaeoW~ 
' 213 

. ' l.lnivnl!iinm 'ions U!J.ifjJ f,;Lll'lt,!nuu:m mru:W1 ~Jl ~~£! . Jl dl~~~~t:ion ' 
214 

· ¢cnstaJ~, . stu.die$ "o4 ~,..,t~i:l~ t1Ji.;7, t~n~ t-;,~r.!~l.1fll t~~~~$t!JP~:zl\ie at.utl1•• 

tl$ru.~1t!VJ cU .. el.~~~.i(;] pa-:~~t)~~ie.~.,. ·vta~~~~.t.y et~. ~i:~ n~e)~o~thy. 

St\ ~~<a.'Al 9n the· .rat.~ .of. Jfo~lf\..at.io:t:~ ~ ntl . ~t~l.>itAi~ y e£ ~o~.u o-ano-
, . 215: 

tMtt~111.Q· <;omploxe~ · -.in t:i:~& n;~a aUb v~~ 1r.t~h US¢:tul aa t.hay 

. pro"itile. $t.lff.1c:t€l1nt 'iv!®nbe: f£Jr:. ·tttte O!{ist~ee of ·11.P~-1~1e C3ti. ion 
; ' • • • • • • •r • 

.. SQlvat.,i~. effa~u; 01t the ~olwnt. ~.nd. auo11 st.ud£(J:rJ :t1);flt. led to 

th~ p:Jt:adte:r;;too. of ~~t,ra-~oorc11~aat&d Qt~~.1U{B.li mtatn:Jc. iM cor~ 
. · · 2M . . . . 

~,lfJ~~ · ,. · .a . _'\t;~ew ~t~~l . QOr4i1'~~~"'t~d ua :v,al:id. em..;l ~a vr.;rq mut::"'l 

· ~f11l in st.udJ)a$ of i~ol~~ioa t>f ~l~"'. 

. :. 
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~,it'lg USGd ~~en~St1wly ea a aolvfl,t:itl';'l agmte fur cellulose.. Sf£ 

finds .u.~.s uae in, v~r:.tous qhairt!cal. ~ctions, anll!t in anal)•tioal 
. . . 217 . . . .. . 218 
·~lni.Ot.it:$ , in ~¢:1d b.f:ls~ conduotcrootrio td.t.ratiooa , 

0l.l~ct:.rolyt.es for hl.gh ~oltage aapacitors and anti ... ic:in~ Bdd1-

tiva for Bir-crnft 'fools. nif'~ $.$ tsed, now-.::~-~ys extenai'ifely 

as an eleCt~oo·hemical solvent in notlooooaqueous battery Glaetrol}'til9 

. and also ~a solvents fmt to1'~ pre.P,aratt1on and reaotiQil of 
215 

. Ol\:iJ#Ul~"ilkJ~li an.el o.rgan~".1lka~in~ \llt!rth eortp~unds • conse-

(~uent.ly:, the k.n~l~d'JS of !on-triol·oqent .int~.r~a:tious, a£ different 
. ' 

.Solf.lt.es 1n t-hese solv~nl:1.:a .a$. t~he~io.t~, cnpat:>le of in~ica,t;.ing 

the 't,)ot~entinl us~.t:ulneS:l in va~ioue techno.logiea, e.g. high 
I 

. para~~r: ot el~t:t('olyt.10 solut;.ions such; as ionia OQildUCtanue. 

and v!soQBit.y ean prov~ intor.mat.ion ccrtcernit"UJ t ~'ii n.:~t.ure of 

. t.he }~in.etic ent 1t~!e8 :tlrora \>t'l>\idh the iQn-solVtiltlt .int:emat.i.on 

can mt infet:red. 

~re have. therufo~. dt'lvote:d our- attention to t.~e study 
I 

of t.he t:l"an$port p:r:q;u.ila:t.!es .in H~. :j)~1ll: an-IJ theixo aqW!llous 

bin,,t:y Ulixtures. · 



;~ 
--~-' 

' __ ..._\ 

H 

H 

H 

0~ 
H 

0" 

/ 
CH3 

H 
IA 

H 

/0 --H ------0 

R 

/ , , 
" " 

H 

H 

H CH3 

'\ 
H 

H 
IB 

H 

0-----H 0/ 

H 

IIA Hyd.Iogen bonded ME-H20 compl~ 

H 
H 

H 

0 

H 

H 

H 
0·----H / 

~0 H o-·--H 

H---·-0 

I 
0 CH 3 
~H 

H 

H H /0-···H 

H CH'3 
I 

IIB H-ydrogen bonded DME-Hc.O Com:plexs. 

""0 
/ 



iii, 
~ 

··~. 

1. .m.a. aat~s, J. Elect:.JC'~nal. \!hem.., 1?.!11 1. 19"12• 

2. (:}.s. ~ell9 c.~~;. :Ds-l't11<is m nd J. tta~.Jnski in ~:ater and 

ar..fOOOU.«l solutd.on~, struutu.t.e, t.h.Gl!'{.nQdym!cUOS and 

3. J.t~ .. !l'ltt13t,--.d.-lould an•!i r:=.oJ'• ~idler i.n <;:,'·u:stdeal ~hysJ.a$ 

o,t !·Onio :.'!olu~io~6., ~~e. 11.5. comia,y and t~.G. a.su:£'adaa, 
' r-. 1to1:f::• l6d• p 13-au. 

E~s. ~~~$ ~nd J.zr. Hinton. ;::.lolvel'l! effects €>n cnamioal 

~"'henornena. A<etttd&t~ l•resn, New Yo~,. 1973. · 

1. T~ OX\iJan!C ~e>t\istxy• Q£ title-ct.l::olyt.e 8olut.:iona, 1\d. J. m. 

Gordon, l-1il!~-tt'lt~r,s¢ian-oe •. 1975. 

s. I~. ::J. rt.-:a ~n@d e~ nd a. a. GrA$-n-, The· $)hy$i~l· t:'hemist~:y of 

~3lectro1yt.1a 61c.lutiona, _t~einhold ~ UblJ.ti111n;T cerpoEa• 

tion, ~-w York, ~h1rd $0, lSSa. 



liO •. Phyo!cn.l Ch~~'tX'Y a! ()~atitc }jolv:nnt systems, sa. l\•3J •• 
' 

· eavi~oti and .J., t~·.tekinson. Plenum Pt"(;YSa, London 

a.nd t.~ Yom~, 1913. 

11. 11. Jii'r!H'lk:S• 1n ~~nter ..... ~ con"p:tehcnsiw trwtiae.;~d .. 'F• 

.'lt':Gnka, Vol. 1,. P!enu:n,. 19'13. 

la. ~. $'t).nk~, tn .PhfS.icQ..<.-"t\e.mi.QI'!l. ~roee.s~ 1n HiMtici ttqueo~ * f~Ql.Venta.,. r~d. ·F. J?:r:~:ull¢&, lktinemann ~dl.IOatioQa.l socks 

11. · a·)· :v:. t)uttnanl\• :~iil~cc.·a:ee~u:rn P<eta. ~~ 641• 1911). 

·b)- u. ~~ay~ ·an<! ·'i· Gut:.-Atn .• ~~dv. '!no~~·· cnem~ ttftd.'J.Qdna;.u_ 

. 11 'l~('a 19'~. 
-· "'"'..,.·· . ~41 

14 •. ~G. P(ianon, ·1J:Wnd ~nd &eltt; A.Qidil an:&. ~au' 'Ua..Wdt)n, 

H~OlliflBCm. atUl Hoomf Stl:Oudabw:ght 19"'13. , 

lS~ ~.H •. $-:okf.llll an<$. :n., t·~lls,. V1sooaity of El.ect~olytes a.rd 

relatt.ld pl:opertlas. i'o~a~~ Vrosu t:td. • '1965-. 

~. F •. Vasl(M 1-n wat~ and aqueous ~clut.iorua, ~i~. £~~A• Horne, 

H 11~-~nt: Grsaiet:tr::e.,. ,19•12., Chnpt.;er 12• 

17.. a~une!$~n, i~<J.lsa, ~~b~naJ.. vhye~-tech. r~.e.ic~,-ansta~c.. 

!,, 2:;~u~,. 19~3.· 

lO. G - . Jcnes tlnd *• 'VOlt~• J. $1om.. (;hem. ::soc •• u, 2.950 
• • 1929. 

19. :?. oeJ.?ye 8Q<l _r&. nud;;al 
- ' Physik. ~~;··· at,, laS, 19~3. 



·-~ 
f • 

:y 
\ 

20• · ~i. ll')lll(.!lnh&ger' af!fl iJf., !JOlVll., ~. ~lhyS• ~~ .. 611, 1929• 

21· ~-~. ;~?alkwnhaQ'tna, ~::.. t?hys9 .~a,, 145, 1931. 

22·· rif. 1r);)lkenha%J® anti ~.t~. 'tJemoa, ~l\11. Mag. !a!, 531, .;U~l2· 

23. t ... · ·O;wager arrl n.M. i"t1CSS• 3. Phys. Cham., ~ 2699, 1932. 

24-. P:ef. a. p :140· 

. 25• M. Kat~\insl~y., ~. t•hys. (~ti~~l. ( lflrankft:l.lt) ct _t_a,. 20f!i1 195 '1• 

16. :r. JZ't;r"BnoycX'IS ana a. ?e~ron, t.l• · .sctn. Chem., 1• 199, 1912. 

a1. J''ll.J\,}j!. OicJ~~ll, ~t."~• 1.;,awt'®CG and !). :i~kina, J. ChB~:n. 

soc. ~- raday I, !!1 G:3"1 • lwo. 

213. · t-::t.~.- Yt~o· end ~l.tif~ ecnni:on,. •1· Phys. <~~~. !i,, 1'1211 19 .. 11. 

·a9. · ~-·:t.;. ~Y• T·ll! V1t.ttt:t11Q.t c. ~a~oysk.t an.d ~J .• :U• ¥.~vmns. 

J. vnys. Che~, 2!• 233!$, l96G. 

t-t. itan'd.~y1 o.taa. .ta~:ad:JY ~~. ,. -~ l."1lt J.~~?. 

5";). Eeakins and I:t.G. ta.wrence., .;r. Chenl. ~~oc. • fl., 212. 

196~. 

l>ndrtt.dti t Phil• ~4a9• • A1.9 li99, 1934. 

:$3.· .. ~.E. doldsadt and ~.c~ ltrnncttetto, Qift• J. ~e~,. ;:_it 
1062. 1911 • . 

14 42' 1979. 

!5. n. ~9lnnd o.nd G. Pil.Un.:J,. J. ~hya. {;."hem •• oza_, 19020 :1.912. 

lG. J. ~nd, J.,.. ~:thys. Chem.." 5,1,. 217 1 1949. 

:n. s.,.,. t~oul!k1 J~ :t~1an Cliem. ssae., !!t 403• 19'12. 

< 38. u.~. "rho~s, .:r. colloid iJ~1., U. 2611 1965,. 



. . \' 
-~-

39. C•it\• tto;ell, cr. Peys •. t."hetil•t lQ, _ a"J;a. 19~. 
· t&o. · c.,p,. p;.~ta11• ~. ·Ch(jm. Phys. • !§._ 4-G?J, 1967. 

41.· K. _t~ dh~dhury ana f)~t'- ~~~_.Ju~r:. Htl~~:QCnJ.m. P.cta, 

. -. Ut 23, -l9B3• 

•2· ~t. t~t'./ ct,OWdhury ~nd ~.~. ~1aju~t:, t:illitlet,oehi~ J.\Cte; 

: 19.• s91,. 19!4. 

43~ ~. l:!{QY Ch~J(\hUt'y a-nd i1•~~ f.~JUln$tt:1 Sl~t~tX1h!m. ~~-®~,. 

ilL- 1311, '19134 •. " 

- 44. -ptlg~ ~6t0';}£, su:u .•. c~ $CQ. JaPan. f.i, 2442t, 1970. 

·liS. Ae Uopa1 ~ntl 11.~?• f~$tqJ'ij tt¢• PhyS.il~., Che~n. · (ti._F•} ~ 

- •• ~~ 19 .. 10. ' 

4 G. .K. 1'~~1, !t • Gma:a · Q.J:l(l· \!' • X&~&.,: Uull• cnem. $Qe• 

J~pa;n, !.4, 15S lt· 1f1.3. 

-''·· C~Me c~:.iea ana t4.~1. ~.stz:-o.tan.nt., ir'1. PhYJIJ• c.~ ••. tt. 
:15~2.. ~971.' 

· '49. ~.tt~ Manrlal. • t;l.~. Si~bl -~uld il\~s. ~~~u. -~·· Phye!k .. -(.."l'tetl\t. 

-¢i,et~i9' ), ~· eo9, 1971• 
. ' 

4S. i:l'•k\t• t~~l11. ~z.K. S•l.tt,nd .~,._ff,;,.- 0~4U. .-~. Vhy~l.k Cne~­

·(tli.F•)• -u. :a9.i, 1~1a. 

s 1.. tJ.ft. s~1.- u~~· f.lhn-t.teii:·;fm arid -ll'.~. r.-tlcn~l, J:nd. J. Cham. 

u, i09.. l~aa., 



\ 
/~ 

53. t;,. &l<:et>& a. Petrel1$• il·~:rl· r'~~tti and ,~.,o. OicJUo, a. <!hem. 

a~ ~araday ::. !§, lS07, 1962• 

54 •. P.P. ue1U(:1!. bnd. er. .. v. J~ebagay, a. Phy$. I Chem •• l2t 
i493. 1973. 

ss. t~• ~la~co,, o. Petrella and ~Pl. caataCJ.'llO.te, J,. Phys. ~hem. 

gn,. 74 9. l971i. 

S6. 11.. r .... tllokhra ~tld Y.~~. ·~a~al, lnd. J. Chem.• ..)#).At 36., 

S'7. ~ht~. "J.jay lal"..sha=a9. Xnd. J. c..~.n. •. 11:~. 511. l:J19. 

. . 
J. ChOOl. at')Q. Ua raday l 9 'A• 1936, 3.977. 

61• F. %• l\'mllDVi!! a rid N. N. :t:aVydOVS, ~. , ~10. i1t'him., 5..,\t 

. 1465• l~o. 

. . 
~.a. :nas and v..a. oa~, I:nd. J. Chem., ~ 826, 191'1. 

1917. 

a.t~. ~,ltaaa.d, .r.t.P• ·singh and t4.M. Singh, :tnd. j. Che•a. t 



\ ' 

/"~ 

-
i4• s. N. ~\r:~.asd tH:Ad Hli!H •. t-.g«tJ:¥&a1, .Ind •. J-. Chet~ l!At Jott3• lki16. 

66. A• ~ceo, A•~* Gi-glio, h•»• 1\.t.ti and ril. Ca.st.a9ttolo• 

J. Chatrt. s.oc. FmX' ... day x., l!., 4Jl, _1983. 

s1. J. uo~nrm~ and. o. r~i-,.~ra-. ~1. Cham. sc>c. Fnx-aday :t:, 

!1. 1249, .1994. 

59. 1l.T.rtt. Biaknt~ll, ~~.G. ~;a~-J-nQS, H•A• acelay, r;;. ·Feak1na 

(!Jld fot~• HG1:blaflt J. Chetn. ~CC• i'ttmday 1t• 12.. 301, 1976• 

t) .. a,.. Gill and i\• t4. t$ha~~, .-1. · Cht.ti!O. sog. ~raday x, . 

. t~ 4"15., 1952. 

11.: ~ •. o.; :.~wmi:l® and. A•- lY~.;ao, a. ~n@m. ~ec:. i'a#a~· x. 
' ~ . 615 •. l:!:l83. 

12• a) f<"• t:£aoao,_ ti.D• tton:tcll)1 A•~• Oiglio and r~.G. t.awJ:enee, 

J. Cham. S()C. 1'mlt~~"'·~ay t, ~2• 26311 1993. 

b} ~;::;.o. t,,awrence, -r.:w., Bicknell, I-"'• ~~ceo and A• ~ell• t'f.t.ti, 

J. {~eta. ~oo •. il1aX"$day Tr:anf! :x, !!l; 1133, 1995. 

C) t~.T. "'th.Ol'!\13.Qrlt ~. ~}tU!:bana, J,'lr.• TW:Mr and 1Jt.r4e l~Ood, 

J. ~:ioln. · Ct~n'\. , !t 935, 1980. 



. ' 

11 l . li"d!"l· 
~· ' . f£0. 

73. J.x. ~-tim. Jw. ·Phy:o. Chem.. B-i• ltll, lll1a. 

14. ~1. Ql$tagnolp, G. t)etzelle, ~~.o. ~>tcn.ltea· and ·lih. :~lteeo, 

a.· r£oln •. Chern., 8 1 so;t. 19'19. 

75. i<~. t~. e~ and a. a. t'fo1ienaen, Pt'®• Roy. ,sec. X:.Ondon1 

us~, 475, 19M-• 

75. R.~~. tlur:o.ey, .l~"l!¢ Pr:~~eee J.n ~oluld.on, l"10:lqw Hill, l~S3. 
'11.. ~.s. M~htd.n;;;ale• J. :Phys •. ~hfjrn.,,. ,M, l~Bl, 1939. 

?a.· A• Bt1~1Stein1 . ~ntl. · ~hye., ,!!, l.flil, 190$• . 

'19• e,;'!.s. aenson and p,.~ •. ~ot;tlQn• ~. c.""e'n. ~1<'h¥S· t · .Ut 41~1 1945. 
" . . . 

ao• l)•lf•T• Tuan ~ tl~ !'-tot. Y~, J •. W-hyS• Cheii\•., !lt ll4;l, 196.~· 

G.l. C.li• t:~pri.n;Jtll%t, J.t. CO!iit.~ and ~~t.-. .f{,.Yt J. ~hlf'B• Cheni•t 

lit. 4'11, .l9G~. 

92. a. PE!t.J:ella ~nd ;r..~ &1acco,. ;r.· ch:e.1i. soc. ·srnraelay x. 
llt 20'70, 1919.. . 

1~$. 

a&. 
97. 

ss. 
'. 

n.a. f{t;:ur~a 1~, f.~U~'l:$• J. Phys. Cheia.t .!§, nsa, 19'121 

\lt 528 t 1913. 
< 

$.S-. .ttt:tJU1l~S 1$, Russ. ;s. l?.hys. ~::ihem.. !.1. SS6, 1973. 

~ .. t~. ~; Jl:i.t~l!ll~. lltuoo. J. Phye .. Chem.• u. 1163, 19'73 •. 

. a.s. Krt.u~ala, i~YSa. J • ?~ys. ~hte·a. 
"""· .a • •• 14.49, ;J.97l. 

l~·lJ•~· J'enkin~ and ?·~!tii~•5i'• ~r:.t.t.are.tt.. J.~ Chem. sao. »"ara~ z, 

P.Jl,. ~21, 1984. 



-.. y 

-~ 

.. 
S9• 1<. ~·~jaruts, N.:'ltur~~visefdl.'ro.haften• 2• 729, 1931. 

so. n.~.a. Morri9, a.~ruct. J:~()ndJ.tl\1, .§, 1571 1969. 

91. ~.~~·. ~urney 1 le:dl1c ~#OCOflB· in soluticne, Po~r~ New 

- ·Yor:k; 1952. 

92. 

93. 

94. 

u.s. F:ranki 2lnd \it.Y. t;i~1 PiCC• !Mrad• -~oa ... , a!,- 133,. 1931. 

l\smus., ~. Natu.:.eousch1 flA•- ~a~._ 194~. 

M.n • .?'.J;)raham, a. 'Y...;is~J. and m. Vagp, J. -cnesn. ace. Fax.-a~y %1 

m, 197. l9aa. 
f:!'~ft• f'~bi:'aharri. J. UiS~S. illr&4 L• He~el:OSt J. ChaM• Phya1 

- lg. 249, l91fj. 

~6· t'!.H. r-JJt:a'tlam a!ld J. ~J.~e~1 J. Chain. ~ :li'araday. :t,. 

It, 1~~~. l~o. 

- -, 

- ·- §.!. 1117, .1959. 

~. !). Feak.ins, ~.J. Freemantle and ~.a._ l.awz:enoe, J. cheta. 

~~· 1l'a;raday ~~ 12t 795, 19'74. 

100. Sinha• J. Phys. Chem• -• ~-1.• ~. 1~0. 

_l()le D~ . E~kit1!3 ~nd _l~.~h La~~~,, J~ Chettl. l:i~., A1 ~12• 19~6. 

102_• o.;s~ Eva~,. ~is~er. fJla~· f!H:t~ i•·• r<tatesit:~ ;in. ~le~rochelntGtxy, 

Vol.., 2~ .~d~ A-. Yeager!. a~d ~"·J• Sa:U~ind1 . J'Qh~ ~~iley ant! 

~~~a, Xn~. 19,13,_ 9~tez: l.. _ 

'.' ·. 



\',_' 

... 

103., 1.~. lfem&tlde~~-~?rini in !t~hysiaal Ch.stai.qml ·Of (>~ania !3ol~Gnt. 

e:yatelmli., :sd. A•tt.r. Ct:>v~"oo and J. u..io~~n, t'lenunt 

A~·t<e:s~ 197.:161 C~"ll)t:eJ; s. 

lOJ!~ n.~. r~ Innes, ~h~ P:tt.l:ncip~ o-, Bl~t.l!~fuist •. r;y~ 

t~e.inhold Publith'lld c~~~tat1ot•~ ~g&l. 

100. ~;. ·Gleestonet 1:~ :ntutcxhici:ion t.o J\;J.ectl:och~mist.~, 

Van tloat;~end, NOw Yor!t,. l~a. 

:;;ert 4 (ltd«J ~~· v~eitJ~be::ga~) 3rd Sd. 1;; !ley, :flew voz:l~ 

\ 195 s) · p loll-.s~a. 

loa~ .H~~'A• E®irmon ~nd n.a. St;Olit.e£$, ltilec;t~lyte tjal~ions, 

2r'ld Ed. a:ut.l~-fcn;;,_);~, t.ondoo., l~i'il. 

lli• .:1. Jones and ~.c,. J(jBepht J. ~am.Cher!¥SQC., !.t'l' 1049• 1928• 

l.ll• 0. ~rotl.i'lS an(l n. C., 13~~tlGha\ft J., Jl;.ftl.C}l~fib,~O~•t a!9 l.700., 

114• c .. n~ :oavi~l6, 'Ion ~tScelationt Bl.ltlexwol!'tha, r .. tR~don, 11.1.02 • 

. 115. R.-M. FUCEJB11 J., Cham. l]duo. Ja, 5211 lSSS. 



lt$.. t.. onsaucr~ Z3hy&iil:. ~., . .m, 211; 1927. 

111. r:~~ l·1. vuos:s, .Rev, -Pure ·1\Pt,)l· ·. Ch~-m., .m, , 12s. '1959. 

lla. t..- ~!itts, Proc:. I~y. ~oo., M'A• 43, 1953. 

119. ti.,l~. Fuoss and· ~d. Onsager~ -J. lr'\"YS• Chern., !U,9 669-, 1937• 

126. t-1.!JI. ll;uoos, in ch&mtoal Phye.ie~ of xons.o solutiOM• r:;dJl. 

n.lt. Cort.iay ana n:.a. aaa.."'l."#J.U~s, viiley., .t~ew York1 1966, 
· P•· 4Ga. 

I 

l::Jitr:s. · ~ .. ~. 1"auo:c ana J. oal.y. TX:~~H1B• J'i'6raday soc. • 

. ~' G4:J•. l~G:) • 

. 123. 1,.1. Forfusln~;t-i?rlt'U9 Tra.ns. Earaday soo., §., 33l~, l9a:v. 

124. r{. .tr.'ernandes--Pr!ni aud J. E• Proo. :~. P3lys. Chern. (Le.i.P!.!ig) 

293,- 313, 1955. 
~--- -' 

125. ~ct,.:p. 1~-aeft., ~!. £11y.s. Cheltt. ('kei~.1·~J) 9 3l!, 23~, l96S.a 

_ 126. n.F .. _ t~van$_ and R.t<. ·-ttey; ·J. Ph.ya. che1n., ,lg, l~'Q. 19\i\S. 

121. l:J.ijj• .;ll,.rrin;lton a ad ~. ~rina~n,ld, u. Phya. •::hem. • 2!, 

l2fl• "r• .::;hedlOVSK*,l• J. E'£"l!J;tli-c;l.iQ,_ .lnst~ •• ;t~_. 73§J• ll-138. 

lJo. c • .Atlani '-'n~ J~c. Just .ice, J,. aoJ.n. chefn. • i• 9.:is, lll75 • 

. lJl.- ~a-f. ~o7, _P• ao'1 • 

. 1$2. r1:. nje~ruftl$.Den. 1-/.;tdenak •. ;'-lr~lek, l:. No. 9 9 1926• 



\ 
(~ 

y 
. ( 

134. t{.~"l• ~IJQar:J., J. PhY&•· ~~~, !!!• i2S, 191'3; §4, 2421, 1g·1a; 

~oo. liatl.. ~cad· 0o1., U•~ !.!f., lo, l;~~la. 

131. t •• :aa'hadur ana t.4. v. nama.nta~rturt11 can. J. Cham. • ~a,, 
I 

1051, 1994· 

ga., 12S 7, 1.965. 

13t. Fl•l'la .l:"uoss end L• t•1nsager, J. ·P,hys,. Cham. • ~ 1722,. 

.14 t. J. .Padov&t in ~~ater lU:ld t:;:J.aeous :~l.ut.l.ons, ;~. 'i::l;l R•i'•• 

Horne, ~~iley Int.e:-ac.ibl:OOi.ii~ l97a, Cbapte;t' 4. 

•' . 

. t'3ystGms1 lid• .r.).r·~ · qov.ington and T.. t).iokirJSon, PlenUtn. 

. ~9731 ~hapter; S, Part ~· 



. '· 

~ 

i43.r (a} s.a.· ~~;rungn l2• J. en em.· ~QQ. l~t'"aday J:· • 1! ' 
5"111 lSBJ. 

(b) a ... s. Krut~alz, J .. Ch$1Q. ~~. E4!1X'a&Jy x, 81 ~ 241-243. 

1.995. 

144.- P. tjfal~lon, H!ii UUcb ~tld':l. ,oush, ~;. ~ys. Chem. t lU, 

rt.2 gf 192 6e 
... ; .. 

• • il. 

·147. tl •. £1. 'rhortl;san end ~.lu ~;raua1 _ J. Attl• Chern. scg., 

. ~t lOlt;• 1g4: 1.· 
. ' 

148• n.tr. i?,1.ckariQ; an6 C.-J!i.•- ~tJ:aus, J., A·tn. Ch$m. 

149. t~.H. HW!ley ii~ : .... tii. ~xtell, J. f.lttn. ~~~·~ SQQ •• "t~t 

l'aS$0 ·~9~~~ • 

'· 
.l¥roa. Nm-t:l. ~ad· Sed .• , u .. a.;:~ lL :117, 1~i3· 

!tl, 1076, 1$6. < • 

. . 

. ' 

153. u. Mayt2r1 . v. Qut.maan ana L• s .. oQ.l?,..itlS~m, · Monat.sah. Cham., 

-*~"" 1045. 1973. 



--
,)1/f 

154~ f.,,.tt. on:wson, E:.n .. ~t.J.lho.it, · H. m• · Hol~S and t~.a. ~a:rG,_ 

J. ·#\!ft. Che.m. ace., 12 • . 30041 lfil'7• 

l 'fl ..... 
~~~~ 

lol3 -1900. ' . 

l?aaday T~ana 1:, !!t .$111 J.gas~ 

159. t"lei\it copl&rJ i.llld. R.fli. Fuoso, J. ~hys. · Ch~m.• S• 1117• 1964. 

l!SO• l!-.F. COOtg.ee and G.!ii·• CUt~"lingllSta, ;J. Atn. Cl:iSI'tl. sa:., 
·• ' 

!!.. 2529. 1985. 

lf!l. n.!?. ~vEJ,na ~:u~d· i? • . Q~1!'il:3am~ ,1. Pn.ye. cn~in.~, !!. 3281, 1~681 . 

. li• 153, 1:959. 

J.€&2. f{.H. St.o~~ tJnd r~.J~;.. · l{cbi~lson, T~ns. · 4i'ar4.ld. ®cc., 

s.~. Jol, 1})5 *I• 

153. ~~. a om, ~t-. ~bysik• 1, a 21, l·!Jao • 

. 1154 •. n•H• l'~CI)'d1 J. Chem. t?hys.·, i,i; 12911 l9Gl• 

165. R. ~wan3ig9 J. Chem. #lhys. 9 m., 1603., 1605, 19531 

- ~' 362S, l~7o. 



'.' 

1r~7. I¥~ t~al•1en• ~ • .J?hys. d':t~m., ~..i• :ao·1, l90GI .m. 2S "1, l·fi)lz. 

::too • .r~. ¢'loPa.l cu1tt 1-'i.t~~ Hueair~,_ a. rrntt. Chem. sse •• ~~ 

901, 19~3 .. 

1'9• t.-~Gw i,t,O~~t;ll.t',th, d. ~hJlil• ChUtn. 9 .!!It 6239, 1963. 

l/10. t~. t~~lla t"frQt'd,(t!a, u. ·s:.a}l"''ran."ia antS L • .u.enatore. 3., :Phya. 

Cb.!:$£0• 1 lat 2124 t l9G5• 

1'1:\.. ~. CJ~to~s:-~0 rJ. Cl~·~t. tlH1lfS• t i'!t l.:l5S9 li?#SB~ 

1'12· o.t.;. M~lll.el:', J. 1?hy~. ·Ch1.e.11a, tit lS9S, .l.:ieiO. 

. -
pp 5"'11..,.'12,. &d. a. .. ~. c.cn>1ay ond i~.a •. uari:a>d5, h..iltay,. 

1"14. -~•H• Ztok~~e ~raa .I•A- ~~e~li$, i\U$t.ra_l• J., t:;h~.i.h,;_~, !!, 
ll~il 198~. 

i i. 

l1S. ~.~. ·ilJtokeo in t.he :.'it~uct.uxe of· Blect.rol.yt.io SOl\&tians, 

11S. ~"~4 .. PuClSs9 Y~o~ Natl• 4"'oad. !k:i \U •. s. i .!§., S\>71 195 9. 

111. H.s. l:'rsnlts in Ch~'nic;al ~"hY:31c~ ·Of .:toni-c .~el.ut ions-. 

~d .• n .. ~. coaft;,j iil'ld R. •• o .. uar;ra~s,_ f'il.ltly, t~ York, 

1·~o~, cn~c~r 4~ 

lt"1S• ~-;; •. ~ t~tJt.insc~ utl.d -cl .. ~t. Y~e:~, J. ~hlfli•. ,,_;;:n~,,.~ •. ,2L l.29• l.~~. 

'l""/9 .. ' ,~.ld r~a~~. G.~. '~~l'l&lii.'~;;JbatO. end lJ.~-. 4-'V~ns, in .i~Jd'a:.'OJf51;l 

.o~nd~d ,ScJ.vent, sy:atem$, lti:l•. A•~~ •. c-ovi.tr.Jt.:m mnd 41. Jones. 

'.taylor "end !if'~ano:ts, Loxldc"Jtll• 1~. P• 249. 



\ 

/~ 

-~ 

182• t).iJ',. 4YaH'U3 t>nt'l J,.t~ .• BX'G3(1watelf, J. i"hYf!• \;hGM- 9. 

-"t~~ .1oa1, l9Ga. 

' 
lE!l• 2'~• r~!~o itl t-fhytl:tcal C.i-tta<tt1~try of or9ttnia tlolve111.:, 

1e4. a • .J?~rtUtnda~-:;Jrini ~1u u. ,:;;tkill.son, J,.. lihys. Chttm., 

ill• ~39, l~f1l .• 

l.S6. 'il• Si.fli;Jh; 'f,al s~naduJ: tiitld "· v. k~arnanett\l.Ut 1, J. ~1'olt.~t ion 

e~m •• !t 'ioa, 1971. 

l.En. ~1. v. namanamul:'ti and tel U.ahadur:9 1,.~1aot.rc'¢him. ~~.eta·. 

as.. 601, aooo. 
ojj ...... ~ 

:1-a.a. n.t,. Ray a n£1 J.lh. arcad:Piate~.,. ~leetaroatU.m .;,ctih, ,!!, 

6.679 19"11; J • F..~Olut i.Ol'l Chern. , i• 3 '1, 19"16. 



'. 

190~ 1i~. !-~ei:nlrum1 :t. f>hy!9. ~;tbs;n. • ·lit 907, i'9'14. 

191 • .,1. tiUbbard and !.1. Ottsat;fer,. s. Chen'~. r.;hys., .[!. 4f!l5o• 1917 • 

192. ta. :nl' 1n ;:ri, M.o F:. :r.slam anti :~. f!,tuna<l9 ~~. i.>hysJ.k. Cham. 

JL93. n. ~z. Gill, ~:t.>S. Ch~nihan ana t~.a. eekh1:'19 J.. Cil(Qcna ~t::IO• . 

ifaraday :r • =m,, 34~1, l9al. 

#'·' ' ... 

. ' 

19"1. ~. r~odeja, J. 1~vak .and 'l!. 41Jl~ma. · tud. ,J. <::henr., ~y,, 

·loa 9, .1saa. 

199. (a) 1:~. :n.tatneto9 .;;:pect.roch.im •. ,,et-a• • Pan ~~. az, 23QS 1 .1971. 

, . (b} Poda, lfraiwa et al• Nt.)l• Phya, al,. &211 . 1g14. 

. . . 

I~~..mau, A.~t. Hal,Sh1t ·and -U.l-ie :Jl'as, J;lectroohi!'fta 

.. n:ct a., zl..l, 1~21• 1~7a~ 
(bl ~.; W'eei"~ns, .1.~~ 'Ph'!{Sic~Chem.taal L.,rocesset!i in NJ.leed 

aq:ooous aol1!flent~.t) JGd~ 'iJ'•, fira.nt-ts, Hein.emann, ~ndon 

4l97u), P•. '11. 

(c) lf.e~H• t~h.oo, s. Che,n. ;;co.(~) 2932 U.91l) 



()!Ill . 

+' •• • 

a.oo. n. {~adek9 Ttl• v. ~;t~id~~h; and ~~ .• ,,j. S1..He~ak.any1 
~leetre.dh5.;-n.. i\at&· 1 !§,. 339• l~'f'l.;t. 

aol. (a) J.E. !)~Stl,gyers. C~n· a. ·cham •• ?Jl (22·>; :as~, l97a. 

(b) G. ¥~ou,.-.• a. J~~ron and ~.1.m. r).eS1lUJ'ers. ;,r. ~oln. 

cnQ{~ • :u.st.~. 639. 11na.-

a_, 151-. 1.973. 

(b) if. ~t~l:' ,Opthr.tte:, ,Can~ i.J'.. t,;ne~., .. §.§., .3700, l$'17. 

(c i n., ... l!,:('(r>ltt., E..J·., f~tcp;ell, T.~.~.n. t.aur:t}\J, 

. J • lJri. Ch.e~O.. s~., ji~ JS1S t 1914• 

203• (6) ~. T@~a8&t.l&i i~. IueW<t:l, ·~~. · ~~~kai'le., · J·. ~)hYS• ChUm. ,. 

y~, 2l4S:,. lffltJ.' 

'(r.t) J;.T• r~ard1 ~').a.· i?a:~rei enl\1 m"~ t~hid:t, J. c.11em. 

soo., t~t.ln 1, 1a, 7os, .t~rn·. , 
'. ,, ... -· ··.·' 

2~~h. s •. Caban! and :fl.· rf&ollie.a• J~. Cham •. :;;~Qc. · l-"'aro1!lay :n1 

l'\• 26ti1• 1s1e .. 

(20S• ~• ~(;lnar~ c.zr. Ju..ost!ee~ -:r. ~~oln~ Chen\.,·.~(&, ·6:aa, i914. 

ao.s. c. iJSt:.erlli~r,. t~. :~e~lo'! s~l· soc. ch.t··~ aelrJ•• ~~. 

lOSl·, 1£97$ •. 
1. ~ • 

2iY1 • .::~. ~ah~VOt ~~. ~ct."a~nti, _:~];. ~hY• Chem. t ~~~.9, li7~. 

aoa. H. ~at.ia, Vell!'i:l• f~• 1iC~~.uJ.·. ~'t~St.• Wt.t. Kqhonet ~t~-nst.tu'lto 



\_.,. 

. ' 

. ' 

x 
i 

210. J. :r;qichard.- f~dj.don, t•• ~urt.• r;raua {a) J. Chem. S..ng. 

tlata, .~ 241,. l91lr (b) u.s. Offioa .:~al.i.ne ¥~atr.u: 

ttes. Powlop. .ilJ;ro;;t: •. ~P· 52•4; t~p. 69S \19"11). 

211. ·v·. '1/J.t..i., r. ~aM.IiJC~t1, CherDe ~hys. • :a.i~ .... 23lt 19'13. 

212. ;-...1>· .i?et.hybJC.idgo• f·t.l.f. fJ.lauda~oor and J. Bcal:'the-i., 

lf)X'oc .. ~ltn .:tnt .• conf. fJ:l !5ton-aq. ;:1olns. ~.u.~ • .A.•C• 

F;i1i~e~~r~, ll-lS ~~Uli· · lllruO, l:>•tl•20. 

213· Hd:'!• ~~~rahacn and J. ~-.tsB~, J. Chem. ~ec. E'arildaY .:t, 

l!t 1219, 1980~ 

" 

214. ·t~•i:E .. ~~Sh'ttoVt IlleT• ~nolova, h• Yae 'VSive·r.is Cll1Cl aei-\• 

21$. J.rr. Garst 111 •-'r:Lolut~-sol'\t0£1t. int.er\llc.tiot'lB!' _ h4• J.F. 

coataee add C•:!.)• l~itchis, Marcel :oekk~, New Yal:k 

\i969l ChaPter a. l.~• S4l· 

2~6. n. ~r-o.-~m~ end J;:. ~~:oo, J. Al'ft.. Che~il.. coe., S,j, 2600• 1937. 

211., l'<.•l11 • ~r-.~shkov, 4
' O~.HlO"Y f~tlal.it.ichesko.t ['Q\J.;.r4.J. (lfunoom.entala 

·Of t~lyt.kal Cher!U.Gtt'y)'l !sa. i~mtya, MOSCCM \19'10) 

Vol• .s. 




