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~ h(;tqt»oc;onooua syota.r.1 ta oha.~aQt~rieed by tho: eimul tm:1eoua 

t1r.ose1w~ of a nutnbcr of d.1ot1not :phases. ·T11.0 sepat'ato v.hes~$ ~ be 

sal.id~ liquid or ~a.. ~hol!O I~Y be hote)?o~eno~Wil sye.teme cenaist!!lg at 

twa a~ noro ~ol:td or liquid p!w,aE;)a o~ oombino,t:ton o.f solid~ liquid and 

gas vh.a.aes • Th®, the · tw..tnbor ~f ·Oquil1bria. l'lOso:lble in hotoroeeneoue 

systems is vetJy :t.arae and the S{JOPI$ a:t a:tua,y of a~(}b ot'].uilibt•ia. is wids 

and of VOii15.o4 intorost to ao:lcm:tific \:Vorke:t$ in ohQ!;lietry and o.Uiod 

fieylds. Tho l)re~~t 1nv~t±grst1o1i 1n0lttdeo tG~iQs of intero~t :in 

t:onneotion: t-?ith ·th0' eqt\tlibritt1?l at tho int~rfaoo ot· eevorn.l exeha:ng~e 

of iMrvzW~O origin n.nd o.qtteotw· solutio~ of .tlifte~ont electr~l;srtee both 

~1 6~®nic and f.nor~nio. l~aolil:"litG, ruontmorillon:i'te, vcrmiouli~t~., illito; 

e1lioa gol o.nd hyd.rrn:tGd nluai.n&. e.x·o twod {l~ i.;b.e solid pllaoee,. 

~he 'in,to:;.~ot:tona at tho 0olid liq.lll.id itttor2o.c~ ·oo·ulot .. cotleidere,tion 

n~"' bf} oonsido:t~od t(J .ttlat!e ot1o o~ sever~1 . .fo.roo,.. 2.he o.leotrolyt"s may h~ 

nt:'hlGWibod l~ially ol" oom:vl.otaly t:n which ooss tho a1 tu.atiot'i ia · ~$sen .... 
. . . 

, 1.d.a1.ly tha ~Cji:le as moJ.eov.lrlr adaolJ.t;id.o~. Tho chi!Efl30 MY, bouevor:, .exhibit , . . 

a different pioturo ntl nGll .• ~. l£bo !ona oi: otH.) Si@'t. l'l.X'O b.old by tlla uoli.d 
. . 

a~t:t:i."1: ~·~itn a ot1Jong fot'e.e ~d the ion$. of opvosite Si@:lt· tha. ~o.-ocU.lod 

11 eount~ tone .nrq holu looaoly itn a Mf.~a or socon~'iGrsi! ·laY.··"' or~ In the 
" . " 

latto2" ooo~ th;e iooo ~ be d,ia.t?laeed by Sir.lilox- ionn~ ~his. is the fom.i-

t~ ion""'GXohonza vrooeau. In ~of)2n.B,. Z\'2ln1itoo:~ alttm1.no31lic~to$" etot· . - ' . 

tho ~i~~Y ion.'l tare eaf3ential 66tltJOnont~ of th~ oolid PL'li'tru. 

As o .. doqu.a.ttt:i l"..nowled~o at tho $!!Chi teot~a of thaso a~ohflneo:ra aro 

noeeaaa:t"'Y te~ aatiafaofiGXW illtO·l?P.l?ct~tion. a~ th(a oquili.br.i~ usto.. tho 
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otra&ture ot the ·m~mlo are br1o£l:r dotlorib~d .fir.at. 

i~~~h.U.~~9.-:t, .. a.i:p~er ,~u,n~!a# 

O~y tt.d.no~~ v1th t~li1.atto1 mtlntmorillonito, illite, ve:mniou:tite, 

ohl.orito· m1d :muoa ),.$yor ... J.att:tca ty1~ mineral~ bave boen idontifiod in 

the V'a.ot mo.;to~i ty of nat~al tloila • 2htl oQVl"".e:le.tion b~twaen tho Gtru.etw;.te 

ana: GXOl'lanae ll~portiGa of tt~ae. muwrv.le .!lao b~n .~~tQbliabad from a 

cr.vwtollo-oll~icnl pqint of 'V"iow on .'tfhi9 .bna1a , a£ -the .~voo:'ltant contrtbu-
, 

tions ot Pan1.:b'!g {198)~. Draoo (31), G~er (03)t lli?int\1<>:7-. (30.):1 ~!O.fcmrm 

.(110)1 na.~aho.1l.(l.61), liend~iolw and otn~ (:t.05),(:t/12.) 1 (117.).,C/}"IG), 

. (13).,(243), (92)., (i741. l:~oo t.hot3e studiea ola;v min~:-~lFJ era reeagnioed 

·to .. conoiot eao$ntiall;y ·of tt7o units. One. iS OQ!RDOO$d of too lc~y~rtli o£ 

olt):s.ely· rncttG~ii Q.."ey{tOA'lC or t'A9'droxyls ·in tile oeJ.ttro of which nlumin1u.m o~ 

mt1gtt.(;)aiu.tl i~n is urrongGd il'l s~b 0.. mr!Jl..nor. tl~t the a~ ~ygens ott hydro­

~ylo nr~ in oota.lladral ooot:'d!nO.tion v;ith th~ me.tfil ton, G1th a1u.\.11niUO ·1..."1. 

the ou~J10~1 !,}!)s:tt.ion .onl~ .t·wo t~t1.::rda~ of thQ ooaoi·blo rU1oitions are 

filled to ba:La.noe- tho atru.etur-0.: It 'ifl'l tho gt.bboita st~aoture h.<l.ving thG 

hul!~ .formula Al2 ( OH) a·• \:I han t1n.gn~oi~l is vreae1-1t in octahedral eor.rrd:tna­

tion ~11 the poasible vositiot.'Ul a.:t"o flllQd uv t~vincr tho brucite atru.a.t• 

ure hn~ing tho, bullt fo1.'mt!ln t7~_(0H) a• 

~ho otb$1" un1 t ia thet totmhedtnl silica lfl-;)-~er·"" ~ilieon atom is 

nlaoo4 in thQ .oa'Vi.ty ;eo1~ed by fou? ~ygo11 a.tom.s su.eb tb.e.t tho ~tt.or 

are .in t(lJt:l"Bhadral eoordinat·10:i>'l w:tth it~~ xho sil.i4.1a. te.t~allet~ .~e ;!oin~d 

tocotbox- 111 tha u, b ~actiot1tl, ~th.t'>Qugil oXJGon, to torm o. hmr.J'lf!otm.l 

n&tt7¢>r'1: \1h:tch its r~voat~d il:ttlofiili tel.v to for4! .tt, ah0ot• Zho ·titw of all 
" ' ' . ' ' . 

tho t.$t~e(lra or~ .. tn t.he oa.-no d:tre~tion •. 

. -
Klaol:bdtm ia comT:moo(l. ot El: e;tngl.e sil.tca totmhodl:al shoot· t'..nd a 

' ' - ' ' ' 
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teii:~uhod;-t:4. o.rul r>nt?. ~~ th~ leyora o£ tho ootahedra.l t;il~a~t torr.1 a oommon· 

!o.:yer. A·l~ th~ tipo ·oi' the ail:tcn. tst!.·G,~O~\ :voi:nt in tnl1} e~o direetion 

tlil!l to-\Jorda th&.. e0~1tP.$ of t!IO tm.it: mul!e ot· the' etili~aa and '0-0tt.lhe&'"a.l - . .. 

shoots. ~hca:$ 1$b~sti! ",1!1ieh fl't'o obni.tinu.ow::J · in th~ ·a,· .. b · tur:oa'biano. ~ 

atnoooa f>n.G abova -t;h.e t'}the:r..,· in. th€'i 'o-diroot1cm.f, lJUrtna· 'st~o1W~g ·t.h~ . 

oxyaena ·{)f the tQt~a.hGd~..ll loiyar a.tif) piacea vot:y ql.<)s~ ··to the ·b;Jaroxyle. 

Qf tho oert&Jlo.~l la;;t'ilr; Oo· that tho ahoots ~o bel& tightly by· hydrogen; 
. ' . . 

bond1~ as· 0. result ·a£:tJhiOh Vory 'littlO ·o;;(ptUl;tlion .in tb,O ~1lt,.OCtion ;i$ 
. ' ' 

'> 

AooQ~tlmg t{) the . oU.l7I~Ontlsr no,~epted co"tlO~Ptiii montmo,1llonite 1$ 

com~sod o.f 1.\tlitn t$.\d0 t~!) o:t tV¥!() si:U.e~ t~trn.bQdrol aheet·f:J with a centt"al 

alu.mina. . oot~oodral ~heat~ All tho _t:too of tho tott>a.~otlru. ;paint in the 

sa::'le d:t~·oetiQn mnd towca.t"'iin tho a.entre t."Jf: the 'Wl.it• 21W 'to~dtv,..\1 .. :md··· · - ,, - ' . ' . . . -

tho o'ot~boEb.'tll ~hoota n:t"a oom~itloo so ·ti~~t the t~:va of t!lo t~trt\h(~~ o£ . . 

oo.eh siliGa shoot t~nd <:me of t}1(:'J hyd~l :l.AY'~ro ot thQ octahetb.'al aimot 
' . 

\ . ' 

form a oommi)n :tnyor,. ~11.0 t\t&:nd OQr~1on to tb0 tetra11Qdrli1 out! ootahE9drol 
' . . 

-
'r'he oinQrola. of t.h:ta t;r~ttp nt"o also dott¢loped by th{t. otaobtnB ot 

tbeo~ tmi t choots onn nbovt3 ·~he othor in tho o~diroot!on•, DurtnB eta.¢!~ 
. ' . 

ths 0 lny.(;.tr:n of on~ u.nlt· t\:ra clooo ttJ tb~ o JJ,\Yer~ of th~ other ·iudt, eo 
. . . . 

• ~ • I , 

tho:t there if;)) em w:oollon.t oloa,\?~(Se b~tttotrn th~ Qboet:a .• ·~ol41? moleQul..-m 

csn GJlt:or tho e.vno¢ bet~oon 'the sheota cnv.oing · ~pr.t.noion -of the Wl'..is in 

the o~.,~~t:Ltli'h: laonornhotta tiJtJoba·titu.tion ,of Qtbe~ motnl iGno f,o)l si:U.oon 

and. o.luninium in both tho tet~nho£1ml ntld oetabelL~l l..~~~~ro is ltnetm to .- . . \ . 
oocur. Complota !'er.}loooraent of ~lu.ra~..E:t?,..~ 'by ~lron ro1<1 mt>.gn.osiw is ~oU.nd 

1n th~ minamla tlont.ronit~ Md aaoonitt) reopcotively,. Sttbotitution. in tho 

tctralied.l."nl layer in montool\tllon:tto do~s tn.t~e vlooe,. bt&t to a litn!tod 
QJtt01l:t . . . . . 
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t~•tsmlJ;t~a 

4··~· /::It ¢onai~ta ot ii11t~mt~, etaotd.tl!t ot m:tc~ ·and viDte~ lt\yors. Iso-,, 
· ipll.oue r~plaoer:ront of. ·1~1 f~~. Si elways t~h:ea pialla in th.e : tetmhe<'imu. 

1{1, J. . . . ' . . . . . . 

/ft'!pyo'l? {~nd 1l:'epJ.aoement of _tbo Fe · fot' u~ or A:t 1n the octslledral l¥-lyer in 
¥')' l·' . . . . . . . 

//~~mit~. In natu..~l voraiau~iteu th~ not resulting ·o~ge def'1C.:toncy is 

.J/ It bala'¥toed · :vrt~riiy ·by r,1g2+~1r$.. to oemG a~tcnt by Oa 2+. ·~heao iono o.r0 :: , -
;.. ' ' 

//' halO. m.e exohengaab1o ions in bot~1e0n tha ti:lca. ln.yeJ!r.h It: baa nleo boon. 
,/·· ' . .. ;· '. .· . . . . . ' . 

· SW.YZO~te.d · that t'.lliiee elteho.rAeaabla iona .f.4re r~f;1 Pdl'U.ttble fa!" the orienta-

'' t!on ot t'mter moloeuleo.· Tha l'it(~+a~o pr¢a~nt in. ooteh&dl"al ~ouving \11 tb 

·esix we.tor. filt>looalGs QnusintZ the ·O)l;ioteno$ ot t-v.ro l.e.ym;'s of t·ro."J;oll ~olt13cu-
. + ~ . ' 

11 lGa, but \'11th K in plaoe. of fJg >J tho th!c.tmesa ~f tho water l.a.yel?' ie 

mor,..omolaau.J..arq, S:he o-~1~s ox~1.noion is l1P11 ted to the thicltrloos <J£ t1m · 
' 

, I 

:i!ho oicru!i oxldbit a bowilG.ori:ng vn.:t'!sty ot aompooit1on in l,:Jhioh 

istH-uorph.Otm r!mlacamenta may ooo~ ill tha ootahot\ral l.a:i .. dr 'I::JUlJh a~ r~ 
· a+ . a+ . . . . . 

! 1 plaee~ent of oota."l~drnl Al by t!g ao in fi.lli to., tho exoesG rtfl~ti ve 

obnrce in Vti!?t f.!'ki!J;Y be ba.lo.lloe!i by t~ sub.at:i:t'tttion ot ou £or- otl :OOtll Fo2+ 
. W+ 

snd F@ S+a~ aloo roplsoe (3{}trla of th~; o()ta.haih:a.l ,Al ;.) • onJ..Y 15/i of th~ 
$1 r:u•(!) re»lacad by t&:t. ~hoy o.Jt~· f11St:tng~e.hed from mioo by :r.ol.a.tively 

oma.ll contont of tt e.atd ~ lJil.ttll~ pr,i1'ioantage of wat~~ : 

~.,lJl-f•· .· ()m'1 a ~dL·~ ... 

J>t is a 11\ll."((:) mineral boine Orjl i-"lJ!o~t9.nt @onutituont of tzat1n'al elaya~ · 

~hs noleo.ul~ uriit ::1.e r:a.02t 0:.11d the tatvaheliral u.n1t eooz>ditia~ion l#'O~P. 

il:!) .C S10J • lt volyme;Jiaoo intG clminS 11 . natnorlm a...Yld fraooworiw nh1oh 

form t·ho £.~1nda.mon.tal bo.eit::4 of nll stltoa.tf)a;. ~hG attltlCt:nt'lll ,vrinoiplss 

in q"t&nrlZ«i tr:ldjn;11te and ~viatorolitc are- ooaea. on vciritl.tiono of t.h$ 
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fl:'~1eGo~tm F:'d:tl! the snrnc tat~J:.l.atlt~.l K;"D.ttorn.. 2ho bon.ctu\G in Si09 1a 
l'.,o 

ilrtdl"tlod1ote hotwooz,l iot~J.o tl.ntl oo\7'0.lont. ~ho tnoSnnic·:r1~<~ el~"l!~'ii~t~ of 

b~lttlinf~ S.:tl s:L"Licm:t.eo f:l~koa i·r; poooif:lJ.c foX! ot:r.:•uoturol inter~):rotot~.~M 

to l}{) r:mii$', l).~'th f;f;.l'l'?/I':l ie>rt1Q rmcl ho:#f)l:)~:tm,;t Dl~.inoiploO>I!f ~h9 OX~i(jOll 2torJO 

(' 1iydl:~tltod nlu.ti.i$1B ~iot£1 as· i~lWI.l1C tY.D'Q!J ~f tri .... h0.·"d:::t:Jtce (.t1leO-: .. ,~ur;0 )-
~ .., ..;>· "" 

(( Gi ~bait~ & OO;J'"e;coi·to ro1cl j1it't¥S'~~rf'~t.t1i toG tul) :tJ~:!:'lO~ttd:t~toa {i\.1203, H~~O )-

C;)~1111ttto nn(l dh1.tiP~2"0~ rold 't'ZJO r.u'lltyarcrtAG '\~r.i~Ytioa, ·tvto of ub.:ietb O{}I"J.n~ 

11~· ~':ld Gilt:\i!li.'l"la nrc bmvzn to {lf.iCllt> ·in r..atr-».r~ !!<· G:Lbbo'ito ia tb.o noot otab­

lo bi·&t•ct.tna ff»X~:l at low to:nvo~-ra.iaJ..t."Ct1 (bt.:;lJ:;,tJ 130°0), r~~1t\ ia D~Oo1~m.t in 

:rlat\i~~~~.ly \)oeurin[) b~u;~:tto11 toir~t.hc;.!I WJith booh:Ji·to,- nltd c~l~o in n."lt,J..r~lly 

qoe-ut>~ln!l ¢laira.. S;;ho sir:tpl.o tral~t~ct~US"O· o£ G.'t:iJ)boi t() conaiota of dou\;lo 

lay~J?3 {)f h.V<lrait~rl ~ou;po, OltOl.onir..r; tho ttlu--::4,J.lvm ato3 in o.ete,l:t~dro-1 

cor;rd:Ln.atiorh t~ucae~o:t:vo (3lll;;fJupn ~l~ ata(~!~od. em tlnt th~ ~~vd!.~~,;.rJ~ erou[:~a 

o£ Oi"ll$, U.tli t ~o dir~etly t).bova tho1:J.e (}f tl'%t? ne-d:t ~ . .:.~~.,.o i~cnnt>(t~ thQ. lgydroJeyl · 

~011~; tt!O GO!J.J.!tOO~Q 1a of ClQ00(3.t !Y.J;:Ot~~ 01)0». ~oi:in~'S t:md 00 on~ 

Gib~:::~ito. foruta ht:JXat~Q!t'!ll ple"ltoo t1.ith x-ood;/ clG~·~n:J,tJO m ·tihe pltma o£ tho 
'· 

laYG1:Q,.. ~ho ll.Vd~a()n of thr.v hy&xoltylo e~e c.:x~htJi.JlZOabl,e t4th otbar oat1tll1JJ 9 

f/ o:h !~11 ( ii'!lo~aleotriG ?JOint... Ou-"Ml at :tJB ) ~.oo-elc~trr:!~ ttojj;'lt- th .. o lzydr~z~~:·lo 
1/ ' . 

a:e$ O:iteh~lt!oobl~ with o•t:hor OJ~lons (231), (?ss::.;) ~· ~huo ll.Vdtt:utod oJ:v.:Jim 



1~~qht}nr£ 

!'lit¢ollont rovitWJ~ (19$11 (S:i),, (93),, (so),,(110)~ (a()il!i (!05')~{171)" 

, (:tt7)t(~7GJ, (13), (~45J.,,(92).u (174) a.re no\1 ·available. e>n tliG ·ian~axcbnfige 
. . . 

oll1:lmutor.~~st1oa ot the above mino~1e~ In. v.i·ew of t.b.€t t\WOat· fu.'tl...t'ianeri.t~ 

t.md. !Wactiosl im-port~ne · ~Ln ·the r~~~ent inv~ti~tion~ · tli~ oausi!*J~ of , 

Otltion Oll:Or~ ca:ril.oity of tho o:LeQ m1.nera1a ~o enur:1erat~l ~xilovrr 
(i) ~ken. ·bt)nila &l~t\Yld the. ~XlBC,!» of tho fll!l1oo~l~in~ unitS give 

!~iso to tmS.:'lt1s£:t.od ch.-J.rges w!'dcb ave 'baluno~ by a,dso:rbed ostions • :.t:h& 

number of broken b~nds-~- henaa the ~Chel.l1gQ eal'k'1C1t:it t:luf! t~ thi~ oause, 

1Y~ol-~ns€h aa the l'?#ti'Ole ai~e <:loar~eQo .• ln tituJlinit~_1, b.t•oltG>n bondtl £\r~ 

the mo.jol.., ee.uae· ·at enen~gti o.o:~?UO:it&t• 

(2) Sttboti~tion. I':Jitllm· tbG- ktt~ea o:f tri~TQ.lent e;lcuminium for qv.edri­

vaJ .. ont · oU.1oon in tot~h0drm.l. shooto OJld ot io-ns of' lovr~ va.ionoy,. ~ti-
' 

oulorly of rnnanooium for ~l~inium ~ tho ootQhodrul ~hoota roaulta in 

u-nba~ood obareoa in the t$.trt1..<iture of· oor;:;.e cley rilin.~ls-. in t:lO!P-taori-. 
. . ' . . ' . 

llon!te ana vo~iculite this <'Ml-t\SG contributeS' to 80 :pl(!)rcent o£ the total 

. a~e.P ... '1nge· Q~.rk\oi'ty •. ~~bcra iO· V(i)'J:?"! little iaor.:..\QVph~l~ re[)le.oen~')nt ill 1111to 

and F#mot!oally no stt.Oh em1tribtttlotl to tho os;ebtume oavaoit.y· m imoli"""' 

nita~ ? 

(3) The· hy('i!"oget1 ot ~w..oactl l1;1dl.,f!~Yl.o ~e aloo :t~plaood by G o$.tion 

r1ilie.h '·is oxehQl:&gooble• This io alpo. bGli®e~l to ~ooowlt .for· ~t oi' the 

o~oba~ eal1S0.1ty of tho l?x;J:n<lJ:\~lS•· 

:ch.e- e~ohun(J;o o~pa;eit~too Q£' ailic.s gol'.ruid 1\Y~ted alu.cd.Mt aa poin:ted 

i r otAt o~rli~· (1? ~) :;-) a~Q o~noi<"ioli~aa to ba du.a tcr the 'thtE?d c.o.u.a~·-
;, i. 

~3yoteoot1o studios. ot cation e.~o!~o. in ·1,u.ro m.i.no:ifnl~ v1ere ·Qa.r~i0d 

ou:t b;y 'Elet;o ®d fuvor , (19'1) ; a~ an<!. ~~0ltdeiJlOG (7 ). ; Honlrei<lkS Gnd /'..lex.- , 

:mde~ (104)', S~haohtaalwa.bel. (3tSh wulmor;Joe (168) and Qt!mra~ Uoat ot 
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t~~se. 1..-w~st'lga:l;iO!w were lloseli U.!X>n ~~~ ~utlitwiao ool'!JOtiv1 ty 

!1-,,relbo.- ·o:~..til a:i~lPle inol~~nio i~'lfJ.- ~o~~ ~eotio:na in:volv1nt.! olav· .r ' "'"""C'"' - - - """"'t:.1 _., 

Jr'1 r~~ar,'lls· with orga.nic oompou.nds he.v·~· aloo ooan ~tablioho(i by dif£erent 
, l'Y · 

!1 ,1~,1\lntiata {1125), (02), (63)1.(111)• ilmsl:l· or~!c ca.ti~s ox~e seen to bo 
, .: I 1 . 

i th*ken u:p 'by the alum:tnor~ilie~toa ur:~to tho ~tent ao:t:Test)Om1:L~ to ontion r ; 'i - - . - - . - - -_- -- .. - -.. - --~ 

·. / ox<tha.n~ oa.pncity,. ·r1bll~ lcu:~gett ions mar be ~deorood in eitoooe, ·boil~ 

·I;( h~l.a up by \ian- d.ev \i~'lla and/~1~ hy~ra:vhobi(: forces~ 'It oos· bean olme~.x·u\·:d 
~ . . . 

· S t!"Mlt tho 'SOrlltion o£ ov@'lmo molect!loa tal!ea ,!.Jlo.¢e on tho eu,rtaee Qf tho 

.// alumi.."los~l1.e~tc of the fix.o~l lnttio~ erou!;} via., I!O.olinite, t1hile t.hey 
' I r: I 

' I 

// 
r, i•\ 
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...... ' ~~ 'i' 
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! . I 
~.~Jhen oomb1M~ w:tth oth~ me~hoda;. io tU:Je.tal in tbo idsnt!.fice:tion of 

o~y"'· ana_.rohlte4 ion~o:"ob~ge~t dott;li.la. of· t1llio.h hae. bocn dio~:m.osed :ln 

f/ (:h~ l·tt 'I9P6 -:?.13"' ~.he- b~~l•C• is lm~v.ttl to ba: daver,ldent u.~n tb.e (1) r~·t~e of 

'fjha elSt,V m'..t'LGrolt (~:t)' its ~rtiole S:tse. (U~i) eortoe:n~ation. and M~0 
. ,• , . ' ' ..- . . 

, .. 

\' 

o~ tb.e exe!w.n~ing an.d ~o!1i.mf;oable eatifl.ne, (iv) tcmoorutures; ('V) t>B a,."ld 

(vi} aniOlW, wh®n tbcY omnge tho til i:!!Jl· in aom{)- -at>ry :inter&.ot oith the 

a1tolmnaer matvi~ or tho e~obP-natng eationso _In vitw.r of the~le controlling 

j;Ooto~~' em €MH.m.ra.to cJ;ete:r~~~tion of tho G:tOhane~o.ble OG.tions 01/ the. 

u.o,o. ia rcmdo.r,od ditlio"t.tlt .. !Tumorov..o methotla e.11e 1n vol)lQ (126),9 (203); 

(202)·'* IJ.1le sp.~oif1\1:7.:ty of tho ef.fGot of eatiol'..o on the, axcb.nnge· oa-.pacity 
. ~ " . . . . 

of. oJ4ty minotnl.s MV'e been shown by I:11tra (180) th!kllarjce (19(;.) sud 'f:vJ 
' ' . . @18) ' . " ' . ' + + 

./! J~w..y ana oowo~kGra~;-[Tb.e G:t~er o.t e:aso ot on~y by O}toh.$ngo \"las Li <no.< 
+ ' . . + v. .., . :i+ ~+ , 3+ 4+ . . . . . . . -· . 

// K <rut(Orat(a and l!ig'""+<oe~·{""*"<sv'- ~:aa"" <ra <~11 •· tJJ:doh i~ the oorme.l 
lyotro'l}S 0et1ies (84), (118) ~ lt l~ elsa be_on oh.m•m tbet titmtions ~nmed 
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\ 

o~t '.n the presenQe of s.alte ~iva ~:tll va'lu.e tb.M tho0$ tn ~:td.o.h tho 
\~\ 

. \ 

~bora is eonsid<.lrable vo;ri~t1t.Jn. "iu the {!}tre.~~ll .~f tindm((·~~ a 

.givtm. ee.t1on by di£ter0:nt ~oh~oro, but L£ o~ta.m oaeos, n· ~v~n 

ntnernl rJhowa diff$rent affinities fer o. given. cn;bionii ~hi~ v~as /~~\omrtra­
t~4 by t.~'ei~~r ana. tlitcholl snd: :im.t~ ®t®nc1ett t() olQQ ni..'tleral${b~ \. 

\ . 
'ileigner fl.'ii}.d ·l'lanold (244) ~ L.:.'lt$r this t/fla t1etlt:m.e:tm-J.tetl: £or montm.erill'()~ 

\, ·\ 
nita and traolinite by ~~ m1ti rlt\!morjoe {74),. ood for hydrated a,l~-\\. 

': ·~ \ 
:m1...M by 01\~ (45) a11.d Pori (204).- Oot~o.in otbo:f,COil'lP1icnt1ona &lllO · ~~ \. · .'\ \ 

. , I \ \ 

. &~iea; t11ton tho un:iot! a~aot}:JAtoa t11 th tho ru~(lbm.tgmm OtltiO:na ··in ~olu.tion 

~·(of. 1pP .3~ · )~ 1J:b.o W~hlo si:th.tt:l;t:ion it1 tbcrefo~a ·one ot OtJnftWionf, :t:be 
1 b •. e.c;. valuoe datorr:r:tneu aro otwim.wly dopon{1<m.t u.vo:n the oXtlfJrioontal. 

teol'll'~.iq.ue ontJlog~d .• 

Al.ao tho ·f:u::~t~on: $£feet of oot1ona in oltJ;V otnoml.e ts a proosea 

!n uhieh colta:I.dsrshle s.tt~nt':).on l:ie.a boon ttmwtt., ~.he £uod OQ.tion irG 1;1en• 

d®rod n~ogc,brl.n.aeo.blG ~~han Dtlrt o£ th0 onto~:i.ng iona becm.1Q f~et, the 

tot&l ~ohance. aQtJO~U.t~ of thG olfiJ?' :ts ll&P~ra:ntlY incroea(Jt\• 2h1s p~o ... 

vox-t·y t~o.SJ $houn to bo oha...~ote~isti() of: nrontulol'i.lloni to (12.1) and 1111 tQ 

ffl"OUP.$ (33) • Tho dor:'1~t fact\l~ in t~tion I)rCJQeooefl ~s. the ionic siaoo 

~ l.on~ whioh a.:re of such oiae thk\t tb.ay tit int.o th~ *bolo~• in the e~c~ 

~l1o C)xcl~~ o£ o.n :tnorganio ion tor organic tone was 0tuiii.e\\ by . 

~~or :U1 a- oorloe '?f V">!VOrr.l (10) ·• 2ho sor!,·tt!Qn pro:vet:tics of r:mnt!aori­

llonit.0 was ooan to cl1nn6$ uith tho at'iO.or·.vt:ton o:f' qunt~~Y a,""Jmotd .. w 
I ~ . . 

ione ({li13 )
4

r:(Ol'ltl (C~!Js)4H~ »ao to o.daorgtion {)f those 1ow th0· looollna 

of tb.Q olay ni..'tl~rola ~e 011onotl and fuorG~o~l rtn~unto qf Ql~~.,.~ll 1G 



·'Y. 

. 
.(. 

ad~~totbe41 ifl the irti:t~:)r....:loo$Uar e9o~QE'lit. <.tt .. ~Q Ot:1.,oni~ d.ycs tuJ>~ also 

tm~t-m, tQ •oh-~a· on ·tna $.tn~ft\CG of o~;y ~iae~o~ anil other ~ch.'"t~:ri,'ll, 

1:~- e~~P."tt!an o:t metiWlcnG bltll..o w~ etu.died by ~ey t'tovlt~s (34) ,(10).1 

( al. (~7) ~- (~~~l, (~~). f!io-st ~f th~$ srtU.diQ~ \1el'e' related t:o f:ll:lrte.ce Q.t~ 

tJaa91.l~ei!iant~~ ih.e eo:t:.t£Jt1on oi a~ystat violot m1d tU)k~l"hita {Ween w~& 
. ' - ' 

~loo, ·iltu.diad on varit)Us m;Ul~~ (19G)'f1(2;'5_~).~(1.fo0);(1t)0)•(239).1 (135). 

~hesa U(U."~~ta ·MV$ a.l~ shcr.m thnt vJb~!l the 6.ye mola()uJ.euJ are· p,reaa'rit ln 

~olttt1on Qf~- mf..Q~:Uos (~n~ailly aa mioollos -Qt 10· to· 100 ooloov~ w:aite) 

t.hQ obssrv-Gd cxahanc;~ o~vnc!ty 1~ :tn.~~soa. 

~be Pb •. v~U.:t.m~hom.!?Jal a.Gllatlts <)f rri>JtlY s~chru:1ge. 3J~otions vdth 

ditftil).N:~nt Cllli.Oh.l\!l~&r~ . E!Sprn:)iall~ -~f $ru:i~~YaiO C17;f.(Sil'!: ttl-;te' -Still ttfiim..?~Jn in 
. . . ; - -

~bl1$t.r :tlttti!a.t'lGn~~l d~ta,ilt"J~,- ~ilt~ oonstitu.tae one o£ t~ objocttvoo of tM 

i!t'o~ent :L~v.e'$1Ul~ti.Qn~ fJ?-he ro:l~t l1to!.'o.'tl\'!?$ xl-'l-S · beGn. ra'tr'!ewed 1n the 

n~t ict1 aact11:in$ of thim cM:»ter\• · 

.., ' '~ 



. ' ' 

t;;he e1.:::f.st~n.ce of ~ohn:r~G ooo·ta wtth d,i££ol;"ant bond1.il.a ene:r~o£1 in 
. . . 

miea wao :reportoa by rtitm (1S2) 011 tt:lG basis ot !»teutiometrio t1.t~-

ti~n og:rlOr:lmenta. a.~.at~l (2f32) and Gr:J.a" (00) bol:~.avo that i..Yl. ll.l.ites the 

bl.*okon b~dO tleV<lllOVOO on tho. lG1.ten'lJ,. surfaCo Qontr1bu.te te n la.rge OX• 

t~nt tortardG thoi!J baS<!! ~tcbnngo. cn~eitios (b~~~c)~ It :te· n~u 3Jt;;o~er­

nisod that 'Ph.vsioo.l acocasibili ty oil tha tWtCh.rmge a veta it) one. t.rf tb,e 

l'tnith~ ta.otortJ tlllicb. d$tor•atne ;b•O:•C• Oertait~ ovooifioitioe in th~ ·: 
. ~ei.J 

e~ehooge 'bo~~viow ot elo.y · rain<lr~lsA.lJD.ve boon tme$d to their o~act6r-o-

/l i~rhio J.sttiQ_e: oonfil.JU.'-rntiona lli\yQ lB'.lSo boen t.m:b'ite~ out by Bi~ · ( I eo ) • 
L i r 

t.lu!mo:vjeo ant !:itt~ (136)_, {187) O;tft~"l,ptad to eltplQi.n ·tb~ diboa1c cbara,o-

ter o£ kaol.inito m1d "i~n·bnsio oh.f:i~;ooct-~· ot U~usao"'!its end :illit~ (1Cl3) 

in the liaht of tho ~.clnoevtfono ot th() ,oleetrioal doubl~ 1ey0~ and· tb® 

:pr1.alWy and eQconda~J e.tleorvtiora. ot it>M, votrtulit.toi\ by t!tlWla!:'*3e~ (:1.84) 

t~s 17all no , fl:'.,m tho lrtttio_fgt ~t:t.~etur~ of minqmla ( 91) 1 (:tt]S), tt91) • 

Galle"~V O...'rld oo~\'Jorlro~ have sho\"Jll the tri•bn.oieitS" of rnonmorillonita 

by potentiometri(J trj;t::t~tions in ·non~tMloU.n nottio. (77) • :iha ro1~ of Al 

in OA()Mntj~ ;r:eaotiortri was stu,tli(l?d by rSuir!lOl?~OO and- 01:-nttOL'JO~ (100} and 

(Jn!'ol~ll (1G2) on(! otb.ero~ ~~l\1t;t.1Jd and tlololiUUt (DD) shot'ired ·t~mt tlto 
. / . 

d.ou.bla end r:m:btt$ obta:tneil tJith _~l.ootrotlott .. iQ tit~o.tiono o£ DQntnori• 

ll6:nit~ \10~C) due to ll.,..Al oln.ys mthor' th,~ll oxooo~abl$ . hydrogen· ot 
tU.f:fo~t disnooi.e.t:l.ons. n:t~h. frqqu.Q!lo;( 'titration a~ I~l.,QSin txaqn,t(l)d 

bontonitot· illit~ o.ntl I!.a.G1L"1itE)· (14G) irL<11ojj,tOd. tho.t li.,.lnilSit.l ~r~ttt'Jlcnt 

results ln. ·tho illl!led!G.ta appea~oe ot Gomc Al o11 the axe!~ eon:plOX• 

tt. bY:t»tltGeis tlW>t it P...a.Y' be n~ooc.:J.atod w:tti1 broken \1or,ttl O,.'\tion ~Obtu:.ce 

_( 



s:Lt~a. is- ottt110ated. !J:he in:VoatiO-:"ltttons, f.lf noy m1d D!tG (214);- Ohal\ra""" 

va;~i (40), (41) •. (43) atld t\dhi~i (t') on ·the el.c.otlltp...C.hemioal propor• 
' 
tioo eyf cln;, ~i-ne~l n~.xtut~oa · $lso :a~-m:ish :b'"l,po~te.1\t obsawat:lbM 1u. 

the linG fo:JJ ()~otpr1Ga.tion Qnd idGntifieation PtWJ?QSe$• 
' . 

~ ' -

IDho moe ~xohqttge oi bY.tirocon k#}.t't~l silica ~~~1,. mioa, lfaoli.nite 
~ ' f I ' • ' . ' ' ' ' • . ' • . ' 

an_d nontno~ilionite was dctomincd by Gan~ (73) •. In ~eml, the 
• • 1 ' ' 

aJtehn:naG a.o9tm on the au.rta.a~ of the· ln;vor etvuct~ ~rd.ni::~~lS ~ nQt · 

of unit oro, e:tJ.af'eOtGl'.• T}lO~Q o,rO dofiti,:J:tG 0l'l®t'gv lov;ls of . 1nt~actiort; 
' ' 

and tho bondinG eriar{Jies ilX"G ~u.led by ~ho n.'ltU.I:•o {&t4d location o£ tho 
' ' ' . 

atomo insid~ the lattice\t C-a!lgt.tly tov..nd o. decronama o~dQ:C of the ~oid 
' 

ft.mcti.on fQr silicon, alt!m.iniwa nn~ ti~~e~1un in the~ bondii~ te7 tha . 
. ' ' 

It ions h1 tbe h;vdr~yl ~ou.va~~ In !{Q.Qlinl.to stt?u.etw;oe,: G-~ntlly · o.nd 

r.~~kb~3eo {rtG) ·aiotin.B'u.!eh ~to ·~o!10ltget'!ble PQO:i:tiono~: ~ b0nt()nite an4-
. ' ' 

mica thraa l;f tho}.'te .• ~"\eoording ·to I*' Etrartin, n. GJ.aoo~r o.nd J.,Uor:ln6 
' ' 

(166 $) th~ ae:idit~r of hydro~~ montaor:lllottite :i.n :f'r$.h SBDi)lco is · 

typ:i.oally: a pvotonic. ono, bu.t in thtta eta.te th~ hydro(Nen is ro:vidl.V 
e. ) 

II o:to!~'11!16ed by ~lund.ntwl~ ~hio n!!~ effoot is hig!1ly oonsitiv~ to. t~t!Qrn·· · 
II 3+- · -

tu:re.. l'.vidootly;- thG Al ions oh...<J.n!JO: tho1~ voai tio1w to thooe ot tho · 

bznll."0(,1;Qn iOn$ i'l.'O!i'l the edgoo OOU OO!"llW$ of the eryataln .. \Jherooa th.a 

1, oo,;-nmon Al-montm.or!llonits is aimtlo.t! in its l~oo~tio:rw to oa ... nontmori•"' 

llon1te; the protonic rJQdifiaation shof:JS o1rJil.arit1ots uitb Ho.•t::iontmor1• 
11· . .,. .. ~ :m. --: 0-J, . .!'.,.,,e.,... 

In :rrecent :~ears 1 t baa boon eetQbl1$lletl botb by thaaretiCQl.. ~a 
' . 

~l~~bnontttl results tmt tho GXO!l~nso o.itos on the our.faoe of :Ol.WS 

ail.ioo g-el awl bydra.toa al~~ ar~· ot oorq tllb.."'l ono t~oo• Tho -o~iam 
. . 

ot sooh inbooogoneout:1 a~taoeo m~e, oo.id to be duo to erysteJ.. defects. 

~he s~.tace JW<l~xsYlation of· oil.ioa ~a atl.ldiGd by ~iatead, ill:rler, 



lfumbl$ton, r.:.~iteh.*!)ll and Hock~y (3) by thorma•g!Javt.rnetx-to metb.ods ot .de 
. ' ' 

0 . 
/( 73oai~ and nootSka1ts (57) and in:f.'re,~x,ed ~tufliee ~·;or$ oa~:lfld ou.t by ~-,th~r:s 

(4),(00),(~6)~ 'l:beir ~estl!te at~~[gaa.t thr~t tho tl~faeG lwflroxylst1on ot 
:fiu.lly b,Vrb1bXylated silicn.a correspond ·to a oint.ta.oe. oonte.ininB abou.t 4~6 

' ~ -

bydrogyl groups p~r 100 A0
w.; nl( tllG tot$1. surtao~e) aret.J,;t· Of ·t.uoal!:) about 

/f 1.4 ~ 0.-1. lWdl-o::t;jfl c;totlPQ ~xiot n~ sil1glc- non-llydrogen bmide6 .,.f}()oios 
Q .. 

(1~~,. 1-.lJ: 1\. .... tyuo ·aite5~/100 .a/>""). Tho raua.inillg s~:a. h.v~oxyls ~ifllt as ' . Q ' . 

11 Ir.liira (i..,e-:o.'l 1~1!)() oit~a/100 l}l""')., ~leferrinl; to fftlbl:iahed ~-red 
I . 

data tld.o I~lo4Gl ia in aooo!.>d!'ulOO:. with the a.asi~cnt ott ''l'ligh fre~uoneytt 

{5'750 om~1) nbs<:;.rptiQll band to tn~ s~le bydro:szyl ovectos ana the 
' . 

UrJt)i~1.~ent of 0560 dn~·t a:'bsorpti~n baud to tho by:drogen 'tmnded surtaoe 

epeeios'! .h :nOli:l~OMt~o b'1ru1. 00lt.tor~ nt 3650 ;QrJ:•1 obs~ ~ :t~oe~lt19 

pret_l?.A"Od. ai:U.oo_o c;:oa~esri{)nda t~ ~dr!Q$~11 bonded int~:fti..ol or b~k h.vliro""' 

zcy:la. l)<n"i nnd, 1lenole,r (200) on the basis of tl?J')~ :ro~e~chos on a 
th.aore~ioal mod~l, ~OllOlu.dod tl'lat diffc-.t•Gnt type~ of by~Qlt;:rlct 4o 

1,~ &xi$t {205 >~ (so a) , (~~1 )
1 
(3 l» (4) • 

Fu.rtllor oupvort fo~ th.e pr~sonee of tw:o atatinot typos of l.W(:Llloxyla 

on tbo aurtao0 of s:tl:toa. oorioa bom. tho tro:rn: of ~ylert t~i)le·ton, :r.u.t .... 
ohe:tl... tmd rtoc!r.:~y (3). 

o~ knowlooge ro~tiitl.G the dispoo1 tion of eydror,yle on the s~ 
' "' .. . , 

:t'aoe of h.ydrntod al®il·~ io ~tlier r,1e~,• rit!Qh :t"t:~!':ltdna to b0. l(jn:rn@d 

about ·tho <t.ert:Q.ila of aurfe.ca hy~tim:t; the. ~~tion of h'!e;h t.merg/ vi-tee· 
< 

uvon d()bytlmtion, and th(} oignitiQ>-~ce of vo.r!Gun ty1~ea f»f :teolated 

bydr~l. groups on th~ ou.rlaoo of Qlt\.11lil'J.r:t-.. llntp.orimootal f:Vi.den.~ in tb.ie 
' ' ' 

:t"ie~"fi m'tmns ~inlY :~om in£1~.,rGtl ooo.ot:womeopi;o at-v.d!es involving 

b;r~tton; d$1Wd:l1Ditian~ and ser11tion Ql),d do~orr)~1on . of filt;; end <lo2 on 

elu:<lill:a .ourfnce (800)ft (247),.(:UU~}~.{200),.(204)• "'1. theorotioal t:ICd.ol me 
' - \ 

I.'· 



Jfl 1lrO!l~~tios· of ?~ ..oaJ.,ua~mt: !j}his m~dGl · p&atula:tqa tho s1.eten~J~ at ditf..-.· 
tf ~ 

' e:t"Gnt· t~~ ot l\vtll:!~'fla on th~ tllu.r±l:lsml- ~~·· 

At -s~laO$ oov~a.t~i3S Q'retlt:~ than ileThrtd~ 10}~ o£ monolny~P; ®Ovrdi."f.S 
~ . 

tt;> Peri,_ oor::u~ JlYdi.-.;;o~yl ions ~a SGltd ·to .ba.ve OM 01 ... mol:'~ ll.f~yl ions· 

as naM!aat nei{ghbo~a, a.'Vl~ intsr- byd:t~~l byar:o~on ~tnldi:ng iet aesumea. 

to ootm~ b~t1:~e~ thoy:~~t· tl!a~a both ~oto-1~0 in a }/.tliv' o:f Qtl3Ment W~olt~/10 
' . ' . 

~~"1nbt a1mul.t~$~;v :to~ ·bondst tlt~ .. ~1 ahQuld {~ivs. · ~io~ tO' oo .tsttla.ted 
l ' ; f ' 

. 1\Vebr():tlr~ . ~a•roo _tm.ntt~ ~h~ iP..fl~one~ of too ttdj~cent OlY~~n bonded) 

b.Ydr<myl eann,ot b~ a~~esa"i ~A~~j' . ~lVdro!i;~ bonded t.wlbi'o#t~l ~ou.rAa.· 

~J~odt~e~ bro~d bs:nda at ~~f;ttaatm~oo b(1lt'Wl those· o.t :taol9.t~« h.Y:¢ro;y..y~ 

GT'ou.~, !..t1 hi~Y hytb?at~a syot~ .. J:llt lwdl;oe:~. 'bondir4:t would btl aveetod to 
' • I ~ • • ' ' • • .• ~ • ' • 

be ~tensivs ~tWn tho malittl a~~c<J altboUflll e..n isolated· ~ ol.' bands 
' . . ' - " . ' . . ' -

uoul~ be -~ooetcd t-o ~ui.~~ 

l11 th$ tl:!:dat ot · tl11s · sveou.':.tati{i)ll re~~t~(l; ·the Mtur~ Gt· tilEJ GXtl}J.ane;a 

a!toe on the a~u.t1W .. t1 aul?:fn.O.$ cM.am fa()ta ea.tablia!l<Jtl mW:!'t oo l?~~ltonod 
1 t ttith · ... a) t~t morQ tha.n ana t1P~ of :er:~lwatZOe.ble hYd~~1 (or :Lll~ton) 

f.J doee ~!at on th~. Gurtao$ (004) antt(b)- o~~Dt:'Wtl of. oo].vant ~d ion~cbn~o 

in tho P<>l"ea ot tli~mnina.- if::J (d .. ~it!aQnt. -~ o~t).~ed to .. _~u~vt1on an the . ... ,, . . . 

~ta~l Sttr.f€iC$ (209),,.(45). 

In t.ho present trmG!a -ch:() ~vo~~ntal dQ.ta a~tu,Ute4 frO!U aa~~ption 

:r~ 11 moaaUX'rnnentlt 1rtvolvins · .. ::·:. 1£1 + ~~- I~ t?eon m~ea~nteu ~d ®m~ in th.~ 

light. Q.f tile ebt?~ lmowli>"Gdge, .. 011 ~:;t~hm{f~l?$ H.-b~tQn1ta, -~~Ui~e. t~:i and 
. • I I 

) I 

. hy~ttttd alu.rmtm. 



J 

ttt~~timlll~~§} 

Sev~l avnroaehea (te39) both Q.u.Q.litat*V(;,l nn.d qUAntit..~ti-ve· tw.ve 

b~tm r!t1lde to understand the . oqu.ili~ ·be:t,-;sen nn i<>n~ob~~ e..11d 

·io.11a: in Q~lutwn.- l~por.im'onts ~lGl?.a oox'id.uotaa 1n w.hioh ouneantln.~·tiO..t&_S 

of i()ns t'Z~re vnvieu~. th~ r.e~u.liis ~sting o.n oitt~:m.onti~l lfOlat1on~h1p 

bat¥'10(;ltt tbe iono a.d~():ttb~ (~ <1ooo1:ibod) o...~d. eonoentre.tion. of th~ ~ohan­

~ cation•. r~:t'!li~tio..,ua mvo. boon. tt:&eitls' a.ocotxtod m no.o-t m~thor::l&ti~ 

tl?oa1.i1llQJ:\ts at $Xel:mr!Ge raaetton~ .. ; m11u~ (a) tho ei.~u.:lt!l.necn.w .!:lt~smeo o:f 

both ·ca'tion o.1a.d t:Ution, G~Q}~:}ngc 1-~'fiiuns i.~ a mivO.n aysten ll..~ve b~t:n 

c~no14$re.d r-a~J..y, .(b) tho o...~eh~e OO!noity ot .th~ ca;·tion .or t.tnion 

~c~gar ~l.~ bean nf3r.nMaod to ba· \leftt~ttMlt,l. thOW.i)1 ca~a nre tmo~m. whore 

the Q~~chtme~ _.etJ.r>~oity va.~oa !:'JQ:ttkodly witb. the pl.! a."ltl tllo na.tw:e· of -the· 

cgcaa.~a~a :ton., (c) a:J'\n'plo :~toiob~no·tr,~o· cqu:i:tral.®too ba·twaen !tine tctt;:en 

u.p atid :t'$le-aned is {lerun~lly ~stnt'lod to bo ryroomJ.t ~ d.G"Iiationo nre 

us~~ly ~pJ .. ~.S;ned tn t~~t.? of .a:trilt!J.tanoooo aa.sot?E)tiO:n of tl{)leou.loe or 
' 

.· I . t~~-Oiti0.."1. of ~mpl<£ iona; (d) tinnlly; :v~foot . ::ow~s1bil1ty io tnl:en 

II 
. ~ ~~ 

on thi~ ooa;i.s the Jrr~un.d!rlah ~n<l W..J1t;~u~ ndool?ption equ.atiO~:t,.r~- · 

vrovfioooo· :'the ()r:.tnmfil foX.m of. the ·ll"irQWtl:llioh C{l,Utlt.i.on ia 

. ~ 1/p 
.&. ::: J!Q~ 
!!i 

- - . 

'f:Jho:vG x is· thG amov.nt edaorbotl ~ o. t'ho trsi&;;ltt t}f' tlto mata:r~l 'tnl"'..en 
. . 

and o · tltc ~ql.lilith:t-1um ~an~cm.tr()tit:m .of ~ho oloowo:tYtaJ J~ and. 1/o u.re 
. . 

eonott.f1l'te:..,· \710I::rier (244) uaea. 'tbis ~t.lt\tltion in 1912a 
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w 
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~he two 1zain wst.atn~aaes with,ra~i to ·tklis equation is tht~~ ··,it 
- I A~, \. 

~oos no~ ~...lltte~ otrb -u/b __ l~'Jr 1'la-':..u.os o~ c~ os :l ·®:;rotetn vd:th a £~~ 

o..~oll.fu:l~~ oava.<.l~ .. ty .ahou.l<h $eCtwu11Y; whil~ Gio0tor ahowed .toot tll~ l~IS1• 
I 

tion··oe· equil:tbltlwn in indepen(lont of V\ll\t'Je, ·the l'r.tnA.~a:U.oh "q~tfon 
. ~ 

almw~ tl vnt'ia:t:'wn in· ®tnhnnt;%1 vr.t·tll v~l"ia.tion qf' the ~to-tail vol~a·~ ~110 
• ' ' ' ' ; •1 

second objeotioil wn~i h.ow$vo~ o~Jllcamo hY' d..i'~Jt..YJS' m ~92?. b~ lU.Q ~u.ati6n 
. ' . . 

W.:.~ ~h~. f;l.~.lt1.bi11ty- effordod b~· tho two o~netal'lt'Og good a~eot1'l\!lnt :la 

a;ftan pbta.:t.ned with e~po:t,.~Jjo.ntal d.a.ts civer n. llrttited ~al"~S'~ iil:">VJev'or, 
. " ~ ' . ' ' 

r1ar~tnl1. (tG5) baa at~ovll~ •eht~t it ~s ou.p~riort tt0 re~dt.1 i!t; but 1/p 
. . - I . .. 

"-· , -·.onlY Qnc cqnat~nt va-s rmovorH!d :by ~ag.>ol.or (23&) but it oould not aeeount 
I ' • ,' • • ' - • . : . 
for tlla vt.ll*iebility o:f oqu.ilit7tiiqm vrltb vol.wneC~~' . '\ .-

~he t-J.;r~~ tin~ ot thtl.._ taw rJt lllt..,.~S nG·~:ton in fo:r.~~Jl'{Jing ionl.e 

rotOll.."'l~. a.E;l ~ O!l'tl!l'lete:i.y revcrai'blo reaqtion vr~a made by owmsen (7fl) • 

K{.4r.r: (127.) .invoatiga\pa · ot:>eaifi~ maoa aQtion equntions £0:r: mott..ovel.entt-. 
. . . . . . . . . . . . ' 

m~~lovalcnt Mtl f:11)llaVt..Al~t:t~diVlt.leint oxo~e$; .those togk the forma• 
' ' ' 

{/ 
; ' ''( ' 

47455 
f 2 D£Cl975 



:~ 

*-1&+ 

91b.o. t::onste.ata ~·. f. !\:2. are te~Ol'l: a® BGl:eUtiv!t3l coe£fiQ11n'Cs• lh~ . .,. 

IQnic 't~Z.as ~.r;n;ers$lt eoncem:tl?'~tio~ Lt'J. aq.ui.lib»ium solutions• 13i4t ovd.tiG 
'~ ;_ 

to a. laqk oft ltnow:tolige a.'bmat the uGtivi ;h:tol1 ct t~ 1®1c spaei~f!J !n. thf) 

e~e,l~n~e~ t:t~~ tho · e~td.:U.'0011t$l oonat~ could only be evaltt."?.ted qual!.,. 

ta.ti~~ly t.:re ~p~i~'1.ll7~ Baumo.n (17) el1,d Gl;seor (aa} potnt~d out the 

Q;it:fiot~iti(fJa .!\n temf.l of P\~a>ll1tng tk~ volume abL-mge l~~i~lY of the· 
. ' ' 

I ~' • 

~ep~s., 'I!he. ?-1iDd$l in~d~cou t)y lii!~gov~ t»lthaue;t1 therrd()4!-'l'W.mica.1l;y le~s 

w,ll~et · .. ·., bP~u out. cle~ly t!l.~. t)]W~ioal agtion o£ the ~$llint.; 

·.oreC$~Ul"ei !'$, mo~e rigoro.u.a a.t.n.>li().e.:bion· of tha lQ'w>J ot ·~.eq tletion M$ be®n 

fitnt~ by lloyd and his Oo~~a;r1:e:t1a (2S) in t11rl.eh ~he ttaol~d fJOlu:t~.onN idea 
. A . 

at Vana'0low .(.236) ~a .~ ·tho basis ot1 the ~suml}ti,o:n that t~ ion• 

axobfm6$ 1f3 fl «aoliit~solutirJtl.~" vroc.tt:a$~ 

A rJQN ()l.nbo;;.~t~ ·u.S:e ot tbo ae.cu.1 action !JJ::it·;.oiplo in \"lhioh olay 
. ~ . ~ 

oubat~t~• flt-e tr~tsd !lQ bi ... ·ta:noti~l w.itlll1ao.pcct to t;li.ne;l$ Qationp. 

!~s boon tri()~ by GQ.~ols .Md. Otwiot (79) and by B~orunon (24)• The do:t$ 
; ' . 

. O..''W.ttdnt..~ wol!'e the oot\:m;ti<?.mQtrt.e t:t:~tton ~~~s o.f r'!Qr~hn..ll aud eo­

uop~r~·, I.~ ttt~a troatnant ~e ~<l!t.~'l~~bilit~r ot a. ~V$1l. ioa upon a 

given 1."1fl~ ot sit~ is e,qcm.aed to ·ba· i'titlo~ondent ot th~ Pl'OlXW:tion of eitea l 

ououpiatl cm;a of the t·u:.ttWe oi oorupl~no:nttlry i6ll~ l:>.t'asent~. ~his Qasmvtion 

he.~· hflsn di.~.Pt''4lved lart<W forrl s. o"::laideration of a·~att~t:t~G.ltno~lela-. 
- . 

Ho·;:;~$r1 dl)u.~te re~~.in~ th~ eppl!~*l'r~toi! of, the prinoi~l~ of J-001 ff#f a~es 

aotitm we~~ .f;tr~t tiJ.~a:vly ~tWGissed b~t Waigti~ end QO~tfJ~:L7lt0'~~ (a4a) in 
\ .- ' - . 

. . 
1935* In. ot~dG!l.~ t!l'J Gltpl&itl s.o~ of tho~ ~vor:Untm;tal, rosul.ts ·~ll~sr vomtu~ 

~tad the ~:tstoo.o.e crt lesael;v af.lG fit1nl;.y bou..ttd iono on the auttftD.oa- of 
( 

th.e tm.~1e eltQha!t€'~• \1:1thoU.t tb.~ nooas~~:J i:n~o~tion. ra~ding the 

au.1')tetoo oMmoterist:J.CJ.s of tb.Q· 'fllili~o.to~. wllioh ~'l1r$g,l~ us~4 ,tol .. l~a wgrl£ 

. h¢ oo4 to inv'Qke the iuQa. of tho ~~i£lteJ!t)e of tltoro-PG:t'*os~: oa~a anti 

eloavasea. 



l1'l 1036 Jenny (11 V) dove1o11ed the £:trot otntiatiQal 'thernod.:tnv1:lica1 

a~:Hlel of exo~~o r0aotiona on mono£u.notion..'1.t Oi_-\rfactl)~. He nasu.rJ.ed thflt 

tha oou:nt(;)r ... ions comve:ru:m.t ing tt1e f.rf.r:mcmorlc at~&llui3 oht,;reet· ara located 

iu u ;,lif':fv.se dottble JA;:7G!'> a.t ·th'e col1o1~1 sv.J:fl~ce. ~".tery aomA-t;o:&?..,.;ion io 

eoordilt"lted tQ f4"'l ~.t!toho.naa s;!:to OJ'l.(i oGoillatos with.ilt; cortain · voluo.G', 

~h~aoteristio of the iora and :its int$i"t\etio:n. with tho C"Jlloi{1 fG4i?tiole .. 

o·tlwr counte;,.1oc ions ~O;:] t110 solution a.re ~ble to ~nat~~1t~ into thia 

osoilltltion volu.~t:h i!ha :~n.-.obobili~l of 1on.-CA¢llai1.~e ocoue:ti...'l~ (~t a c;:;.v~n 

tt'~r.?.t2ic:rrt \?Bo e.>1:tGn~lctl b~r 0o.ttai (21'7),, Tile ti!"!!Ua:hl·rP:n d0:~:iv~ illt:ludoo an 

il?\'tC!">fiOti~;m: · onO'l"gy tei•r2 c·h~l!aCt.(-;rioti~· of lliff&~;I.O(;)S :1J:1. the t~!otl$ of 

OOCtl.t,':"IDCC of noiG)lbourin£; o1teo'" So.t:;,'li <J:lrd.r~p OttCco.ss ll'l. Ul'lfrlYitlG ~~ 

oq,tt!1tion to ion~axobnn{lC:t• gols cloth 1:~iei&."1;>1loortlw o:n('i OV>)!,~r.rtr-oot (1~J$) 

Ct1Iil!od tho t3t~tir-ri;1(~nl nottmd ao h~ boon. uoc(t by l!tlwler ( G5) o.nd 

Gu~~(;rilie:ln { 04) i:'l tho oooo of go0 c.;.1oo:r:rrticm ·.o~ tt ~olid ·ot'tri·~~o.o* S:::to 
' 

co,l tiou.bl.e lt:\ftOli, ar~ Tc)Ootulc.~t\)t1 by r~u.ld:w:r:~J~~o {184) ~"~~0ili1o no (1(}ubt 

qvt.:\litctivo :t~eoulto bu.t t.h.c cc:n·teoDt in tU'l.ny- !'rmttBo:·bos. Cuii1J:<Xt?rt-J:: botte1 .. 

uitb oooor\tat:i,c~tu.h He oer:::w:Ji:~:a t\70 cntoc;ot":l.ea of cttchru':!~n.ble iolif!t tho· 

oo~:J.t>'C1c:::~.l1S ao·t~~vo· :i-~one uhich oon£r'~i-tu:t~ ·t;ho aob:l1.o l::Cl1?t oi: ·thQ dm.dile 



) 

w~ya vory ~aaittul. 'tha relat1o.nohip of oryota-ll!ne ·atl;u.aturo of ol.Qys~ 

the~ ~lcott>oehomioal ~9vortiao e.t'lii ion ... cmelk~ngo Ci\!:lmetoi.,ia·tioo ho.tt<l . . 

been otudied i..'t'l tho:lr futl(:ft:.nonte.l aotailo by tlukharjt$e en.d Ultra. (!~G), 

Mitra. m1d ~gohi (161), G-anguly cm.d I';~1.ukhor;]oa (75) t4'fld UhQtwa.vot·ti (40). 
;-

The f!;rat attempt t(} atscribe icm .... ~cmnga equilibria by ~ theorG~­

'bieal o~~tion whiob aoooun.to for doviat:tons £teo!!l tht) rogal.,'-\1? t.nttorn 

wso givt)n by .lJlQlland (131), H<ll :L~troduoed tho uae of "ooli(l--Iihnes 

aettvity 'ooeffieientst•. · r::iellm1tl followed V'o.nselot1 (2$7) in treating 

tb~ li&t~l."O-i<J!n.io form Qf tho ion""'alt~l'latlgor na· a· noolid-ao.lu.tiontt .o£ 

the oom;oononto: AR attq. DR .{where R oymboliooo tho str~otural unit of th(l) . ' 

1\R +- ll 

-aArt'' an __..,.. 
...., 
aro• a.A 

• -:"!' • 

~ - l)R + A 

CJ • 

• ••. (2) 



. ./ 

_..., 

I 

The ·seleotivity ooe£fioiont ! is obtained fl.S 

••• (3) 

Bal'Tel" (8) by the \i$e of f;:ta.tiatica.l thermodynamiea ~ haa derived 

a.n eq,uation. which ie ~i$lmarkably suooeeml!t'tl in deocr:l.bing . the be.hav:tour 

o£ moat ·ragula:t? and irragi.tla:J:t ·~yatems. with and witl'!.ou·t pnase trana.ia!i!! 

t ion., ~he asav.mpt :tons of Harrer a.re as follow a;~ 

(1) ·~;.rhen two entering ions, B15 oeoupy 'a.ajacant crystal. sites in the 
•• • •• k. 

A-rioh lattice;. ~:t..n additional ohango in ·~bhe free energy o£ the erystal. 

(ii) ~h!s oh:ange is negligible when ions At B ooonpy adjacent sites 

r~lative to the state t~hen A? A ions ooou.py adjao€m.t sit(.:)a, 

. (ii:t)The chang$ in ener£rJ ia 9.44i~ive with respect to the number of 
' 

I!V.ir B,. B :!tJ.dapenc'l~ntly of whether thes~ pairs are· i..l'l alttstQl:ia or 

isolated·· 

(i"it) Apart from this energy che.itge!?. all other interactions between the 

energ<.J Ql'lm'lga and the part:t t1on function$ of ions A and D ·:tn the £r~e­

worit1 and of the framework may bg negla¢ted~t 

.(v) The diatribQtion o£ ions on sites ia assumed random. 

(vi) The amou.nt of :tntra-c~y~t~llino water- is taken as· un-altered .by 

exchange~ 
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,I 

_;,/ /:( . 

/ tn ivra~· ay~tooa · in ri~hioh aac.ommouat1on of tlla large~ iana: 

j ber~ome mora W'l!l. ~~s~ diff:t.~ ettlt sa eonw.~siQn progr.eQsaa. ·; o.c· o.· U:~'l~Y .ol: 

·~ ~o ne:lgbhourillll{ b.V t!io . llll'tl!O :tuns ~s ovi.t'iM'Ill:t lesa tawure,ble til!m . 

jj'l ooout\an.cy · by or1e ~ge and 011.e $tnell ·o~ by t'l!fo ~ 10ll0~· At ~o..,.,s1mnt 

,j' j: J' ovel'll!ll. i<mi.O oomvosition (e~;, .se&litl!ls) thoR is a o~ta:viet:l.o di:ft.o. 

~~ /: ~-~ j Gr~no~· in (!lno,...&·be·twetill thG o.;@QU~oy of two .n~i~bouring o~t~·il b~t trlt;· 

,.' 
1
··l ; iona n and by ~io io~1t1 ·~;\. ana ! .or two -i!lnG ~·; ~hia e~$9' may.: oo t~mitten 

·' 

'. 0~~ f:1 t:40 2?11/li' .t1bt1re E~~ ;ra 3.."1 (pl)~i:tiva or noCA'lttv.,_e) · i'ntQra,Qtion ene'1!{!3. antl 

· z · ·1s--t:"~t5l -coo~u~j1lit:t_oil :nurubor pf too ·2.{-iittice~ i,'\ ·GtQi;!stical lH .. st:Vib-at.ion 

· of tho ~ch.o:nr;f) aita-s l;)eou.pied b,rr wo iono n is aa~nmod. The number o£ 

tbetS0. ,Pairs io ~:t11Y'2fig ( rt,n ~ ll'Umbt;)tJ o·f eou.nt<:;r iona :6 .in tll0· .. eooliteJ 

.. nz ~ UlWbOl.1'~ oit · :t!};:!l:O}la..~O a~ toG.) t ln. tb~t:l' l/~' ~ tdmplO ~"tf.ireSQion GiVing 

·the tota.i ~tit1on·ftinotion .Gt the ~w11to Q.t:m b~ obtnin,Qtl~ .~9 41ft• 

Gretttio.tion '·ot· t~io e.g~·eooion .o:nd ·use ·of the oquili.britun O.ondition., tbe 

~. . ''. + 

0 0 

rt. /a 
·~· 

I~ 

.. ~ 

F - o""'o·'"m' of soooios .i in the e.&obtJ ... ~m_. art. -i,\,;111 - .u .... ~ . . ~ " .. U' II' 

~ 1 :; atanei9l!d Qhemtool votent~ ot G~oioa ;t. 

0 



''J ... ,. r:. ..r.u ... .,. 

n1 
~~~ 

iit~.,. iin . 

ltl 

-91 .. --;;, . 

_nA + ~· -
f!'PI'*" -1 Q~QilMM ·•· -n"' a 

~ ·;m ~ + e (1 - 2 ',Xn ) 

n 
J.t\J 
~ 

t1! 

I; Eron n~~ (5) we hnV('} a strgiQh.t lino v,.rXJn plott:t:n.g l..-"1 :tt· vern® ( 1 - fi};) 

tho olopo baing c().ual to e ~ as?ii tho int0l"'ee·pt giving the vn:.u,o of ln ;,~. 

n :lha &<10:1nd tnr~ on tho :t>it)ht l~nd o!de of .Gqt1 ( S",) or11210r:J fran th.o gv,in 

or l$oo in :fr(]}o mtorc;y :rcat~ltinc f:.t'l\?:J 1.-n.teraotion botwoon tho ne1eh­

bou.t>int:) oitea ooov.picd by iono n. In Hrsr;uL.~n oyoto::lG th,.s tOt'i~1 :'.!.0 L~oro 
c; 

.n otnoo r1o intoraetion ooav.rs. !n irrogtJJ.~r ayt1t~-rrs 1n whiO.h oceu~)QJ'loy of 

t\70 neiefibour1c~lJ o i too by t~no ionr,3 n io ~t'11£avottr.nblo, tha Qonoto.nt e io 

n0.g9:titre~> 



,, 

If , . All . et~~t~et f~~o:m~~dYJ'lu;~'li~ tll"an*''!lt~tlt o£ io:n . .-~ota'!!& e.;.u1li~1~ 
• ••• • 'I • 

has: a oert~in l1$a•tnbJp~c:~ te Ktellonu • a nr;(prgei)h <!l.~C~t1t t~t no aaeu!'niJ.oo. 
. . 

,1 [ tiona~ a~ ma.t'!~t This treatmGnt. t"IOO devt;lloped tivat b$ At~tl!~~~er:o. 
.... ..,_..:.--~ 

~rtaa~m antl ~.omer {2),(21),.(·20)~.(1U~J tm.d b~t .llogf0ldt~• Jal~&llihl atld 
I J . . . . . . . . J - .. -ft~ .f I• ' . . •• 

·;~Jilldn (61)~ (i14).~(t13) -ana wa$. ~oe~lt• ~it\ 1-.t$ tnQGt ~®~f1(}t~ :torn by 

Gainoe snll ~hom~:w. (12) ~- It ~~uttro$ U() mo4~l v~ith 1~'1i~1c~ :p:t:to'Vertiot$ . 

:Eon uob'lnae is ·p~.(ttu.~d a.a ~ hffttl~(,~.a()Uti$_lt*ea.Ot.it:tn mvolv1n8 t!'I<a 

GUt;t~olytl$~ .A"i. and BY _Q:n(l. tile .~eeiw~te~ An. ana 11\l~~- ~!~Ja tho co!l~nonto 
·of 'tll¢} a;;.?Ste}jl itt"e th~ ~ooill.a:t~afi tho· ~:t0otro1Jftea .n;n~ tl1o 3-!)l.Vqnt~ 2be 

tv~atraont oo:n(lli?.tf.ts l;!lssentinllY i!a tb~ oo:tclala.t:lon o£ th~ there1oliynet.t-:l1c 
';) -~ ,, . 

equilibt-1~ eon~tan:t mtd th~ ~ativity t:ao~ffiet~ntu .m the ion•0XQl'lnna~ 

~~ra elt~r1J.'11~litr!i.l mG~SlWf1~1a1ilt~ of t11s. aa~e~ti'VttY. eo~iftot~ ts ~ni!Gr · 
v~~:!QU.'fl conlli tions~ ~o ·~his ~1m tb~ . Gtbbei..,.D.u.h$1'll ~·u.t~ti.on ia., u~rh ilor-· 

. . 

the sake ~f s:it-t.Jlpli¢it1 S4')1v~t end el~~o~G eo~_vt.t.(m. l'!fffeota arq · ·. 
f-. ~- ·-~ . 

d!~~ogarded $nd. thf1 ooufat~ l.o:ns .a.,~~- !ftl~'"t1Gd i~o un:!:vtllMt• :i:b.G io:Q. 

-ollO:h~~~- tll1!af!.t$ :tct 1~$~ded ~c n onl:td. aolu:ttion of t!J;~ ~:9tnat~s AR tu¥i 
• ' ·~ •J 

(G) 

. . 
. r!he~~$; ni = numb~ €)£ _m?los of. eu.o.oieli' ,;1,_ i!l tho E}a.iO..~i.\'1~-~ '· 

·· i It 

~b.$ th$rtlf;lg~'1liO equ:ilt\W!WJ, OOft~'tO...'lt 11: ('Jf 'bho i()lJ.weJtOhl!:~l'i~ . 

;9r~®~~ 10 ~1ve:n. by 
~ M'•~ a... .. · 
~-

glm. ~ . 'AY ·: .. 
·­"""'' 

. .. 



;t 

-.'h.l the · stan~"W·u ~tl vote~enao s·-tat.on to~ /;,.~ ru'ld ·:an., the mano• 

iOn.t.o A, form :mnd n forr11 raatJeotivo:ty, <lf ·the _;.o.n•oxoll.M(:;~ tl:ue oltosEm., 

so tho.t 

~be rational O<t~1l.i.~iu..'1JJ _co.ncy~.,nt .Jt and tha t:U.l~aot~d selact:l:vit;)f 

eootficiont k are :intG:t~"ol..nt.od by 
) > ' • 

--~ = 
a - /'fl)­

·lff'iJ... \ Y' . 

- .... 
Dy Q$tnbintlt.ion of thaGo,a<auat!ona, use of !Jl~ t· Nllll ,_ 1 at!d 

cl rr.\.'f! -t- <1 inu ·= 0 ood part:tnl i.l1te(Wat1on tmd~r the reQtl~'1et1.on (6) 

.... 
• 4 llMt .... ~ 

'l.n fAR • - Nm . 
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It 

l 

., 
atiu, l:l: r~ .;; .[ 1n I< 

~hg n~tiv± ty aQ~£f:toipnt~ ana tb~ ~uti<Jnt{l;l t~o~:1o~~1o ~t;tuilt .... 

hrtum eOMtant o.an be ~l.ctc.aated · by (;}t'aphio.Ql ·tatoe;t'ation nooo~dint'; to 
~na (9) .ana. (1!>) •. T:he. numar1.~l vultle$l of thea.0 rationo.l q~t:t:tie~ 

Otlnr!-Ot be oom~~1 ttJ the. oo~w~r~P02ldillc; molal. ~tu.tmti tion beeausa: of 

difll'Qrent 01\Q.ioe· -()f the aton~t\ t»ltl ~~or~nce ~tlti.tcs.. It ~ oo ~1/.ha.-

- o13~d tliilt tb.$ X"tlt:lounl Ot:tuili~ttw confltflnt,. :in cont~st; to the molal 

$\l.~ili'bt>$.um e·onatant ~~s ol'lw:..~Cto~-;i~ti~ ot the oo~oo.tiv:t~sr of the. 1on­

sxob2'~e:r, 

im\.ll21§s.~dl\t 

l:)auleJ;t (199) has mtopt"'(:>tet\ oolee.tivi;til.:ou ~ ioA-1-oxehango equ.ili-

b:t"'ia m tb.~ lanf}!age of' Q. vr:r!!y a1aplo model• Its ~aoenttal fe~t~ ts 

tho ~leetrostG;ti(J attraot:to~o bl!)twG~ tile oount~ tone and thQ ti~ed · 

ionic: ~·P~t~· . ., It iQ aaaur.ae.d tb.,;<t<f.l nU tho oot~·te:v ions :l~ tho ion-®ltob.o.n~r 

.com.ttor ions at the diott'..t~o~ of elom)t.rt; ·avm:otv~b.# o:ti.l· o~ ·s-plit th$: 

~Q~'t'lge o£ ~4 fo~ 13 into th(.l) tvw pr'()ee~es i 

lffi ~ li + R 
·~· 

'(14) 

R + B ~ ;mt_ 
·! ··~ (15) 



I 

'Oottl.t)VJ)b*s law ('fid.thout €tn.Y <!orrect~on) leads to tb~ $ollow!ug· 

r.e~ ta tor tb.f:i'!· above m."oc,eooor:a J 

-

a2 
~ 

aiJ. € 
A 

. -

(3;.6) 

- ' . 8~ :; d!otanora ot oloaeet a·~lPl'»OfM3h bO'tt:teoo ootm.tor ~oni and t~(.,a 

· · ionio ,~cup~ Henee the overall · ft.en on~f!3 chan~e is 

4.Go 
.illie: . ....... (19) 

11 
'lhtwe.tore~ e lin~ · r~Ict.tiontJhi!) ohould bold bettii!H~fl h lt Olld 

. 1/a~ ., TM ~ell~~s qti!!ll~tst.tve~ to !1l'oioron0t oi ;.: ion-exo~li 
ft to~ -<iltom1ter i_on: ~d.tb the smallo%i a0 value n.11d e(;)unte~~ o£ ldt&h~ velen¢y 
•' • ' ' D ' 

(51), 



-
I 

----r ,. 
t. 

lJtrso1i attempts to m~oo~~ hec~t -chnnge~ have' net, ti11ilh littlo 

a.t!OG~~thw. ~ iolU), Qf tb~ same ~~'11en.oy tl't't$ 7J.i tu.atioll. 1\l$ evident fr-om t~f> 

fao.t· tlnt thOW;lll l\aei;. o.f e.ti$0l~~t!on V{llUe~ tWO l~otm 'lit) h$ flf~ll€,l.r tban . 

. :~.- 2It Cal.$/mol(~l~: vatu.oe ~G.tGZ? tlum. 1. it OB.l/ool(;" ~~- ualdom t-:I~t '~Vitti; ot 
--··' 

11 . ~Q~~e in ~pe~tio~ oosae va.l.uee a$ b!at1 sa 10 & Cats/i~olc_ ~ 6n 

~~t1~lrih : ' 

.l\ mg~a 1}l'~i~in~ a~:rpmaqh to ··tl\e}ltln~Chf~ili~'ll quant::ttiee is t.l~ugh 

Gtu.Cl!t ot tbe V$i!1ia'tiatl itt t\V~1:'$nt (Jt,tt•tll.im~ium cottr.tt~t with t~:oor&tul.~t1• 
. ~ 

S't1fj, tlethfld w&l $()l1cwed b~ ~tai~:U ani M.uld\~3~~ to ~<:~i e££ec4'(100). 
I • .,.__: - • ~ 

• ··- ¥ 

[f !Cht?# tetap0ra:b~Q aap~dt:n(n~ of ~a.tlU)}1!a is 1n €)ml.er&l ii?f;}~ted 'tQ the 

$te;:rl~tl enthaJ.py ohtme~11 the at!lndal"i :free en.~trJt:f!N 0~0 nnd t~ ~J).tt~;.t:f 

-~ ol'L~~h The ta!)(:}ratu:t+Q d~po.ndenc~ of tonOI!il$-."t.~he.n~~- eqait~tbt:1e 1a ~v~t. 

·by. '?~s thlEJ!rmods~1lie velaii:!.-o~shi~s (2~l)"(GO) 

( "~ { . ··~ 11 o0 ~- ~· n~ 1n: xt ana tho tl:u:;):.t:i:l{11d:-..~itl ~t:d.Ubrtwa etm.at~mt an~ 
' 

I •J\ l 13 I 
(~)·h(~) g 

t 
K - !s. (~ ~~ CB) A (~) 

. ~;-· . ' f" . ~-·1 e~AY f!4;mt 
:.\ .. 

wh(l}rQ. tt::. :W· t:l1t:J ~ct.t1onal tha~e}«\'J~rrt1~ $li1iltbt'i.um consttrtn.t~- and 
·: ~ . 

Ll n° ae~a A G~ too stan~d elithaJ.py t'i.ntl f:re~ ~tlo~~ w~~~s ot · t'he iOn 
---~4,..- ~·,.... ,.. ' .• '. ·. . :,~ 

1 
r ~cl~f.t~~ A.·+ i ~ ll + .A. t fl., _$,-~a. t 1 tt~·~ thf;;l aot!vtJ.t:r coef.f!Gient$ 

~- .in ~o.bana~~ $n\1 aGlu,td.an ·flt\4 i;tt· ·&tt tb~ ~otiv!t;l.$6 i!n \k~M~06l' Qni! 

1 r' tHllu.ti~·: Pl~$e& l7$s~t1va~;. l\;g~f ~~ m~l~ ·of solvent, A.i'.,, ~:t sttirbed 
i f I 'i J 



. ~~:vor:b:nEi:nta Qctrrisd out ~t twf) t1:ttfor$nt tcm~turcs annbl0 tl\a· 

(/ Ci:ilo~tion of thG h~t (jf adao11't1t1ott o1" (!)nt!"U:\l.f;)y .ot th() rfk't(jtic>n ~ u 
( / :fro,'l tb$ u,sa of thQ mtegrt\t$d Ol.Q.u$iUfj....Qla,ypL~on eq,aa;ttotU 

' 

, ~:JhaF0 o1 rJ~n<i 0~ ~e tho Qm.~v.nts of acU:JQVb~1.te in the tl{)lut:ton vhno$ at 

, tam~eture::.r '£:1 and ~.~,., . eQ~OOPOrlding to the aa>n{; 6.f:1oUttt "etn.inod in the 
. ~ . . 

sol1~d ·oJ:mse flt tlla t~n ·diffel?~l\t t.t)Or.."tiraturaa.. ~hen. ft'om the rela-tion 

u AF : A !I - ~ !J. a., s:tnce 4F ;; 0 
- . - - ~ . 

( (EI.t 0qU1li~r1um·,. m~ !l&V~ A C) .. ~ AlJ/~ ~· 11~1¥~ 4 ll!l 

psrtial.. mol&.l qv.nnt1:t1es?:. e~~etorisin~ the aqu.eou.o !i}laue ·m ~liieo.:t";:;,tion~~ 

;r Dtl~batS (14) •has mea~ured Al:! uil:>octly bsr d1tter~t1e.l th.ormal analyeie~ 

n Appl;tcution of the Gibbri ... ~~etJ!. <A'lu,atidn.o· ll:d ~1 -+ 1\rdim u. o eta~ those 

. . !~Vida& 1$ m~M$ ot ooss:mg .~o.'!l thfi tb.t~oe qu.r1nt1ti.,e A ~', ~ n and 

! 7 

ln r: .. ost $ses, $.elect1v:ttw ~~talts f1 .. Qr1A oaaociation or a~e;ation 
vrocoao~a suob a.s oompJ.• to1"~ti9n in tb.~ .ion.,eJtohnn(}ov cr solv..t:.ton, 

ion-;r;c.ixi fo-r~tion, ~)l-wntion ·qtcw f£he~e pro<l€H~u:a'9m ®~ uaUAlly dieoo~a~ . ' . . . 

god by ·an 1n()~Qa.ae of tcimt.Xlr-o.tt:We.~ I!Gr~e tb.Q eoleoi,;i.vit~l ahou.ld be ~ooot .... 

ea to 6:0"Qt>et\a~ with inG!leese: of te.ru~:tt.'Q.·~~ll• :u~~om General th@n~d:/norJie. 

aonoid&nlti.o:m:l al . .so, tllo process o£ ion·..,~Oh~e shou.l~ ·}!~ an agothQroie 

one aa it iu a~JS()oiat~d 1.11 th n d~e~arJ~ of !J?et) OOGi'&.¥ &.rid ant:ro Pit• · ~bia 

.f1 iS o:f'f;!'.rrtt bu.t ·not tllwe.:ro· tho Ot\t11$ (23}~(22), (4Gl, (59),:(159),,(140),(16)) • 

l!o inteitpretg.'bio:n for ~Qspti.,nal boMv:to~ tma yet .bsen ad:vnno~d.. 



. : 

1

Ion~ehe~6()· t:wooeSa$a ~$ oftan e.oeQmpa:niad .by othe;- t~ooo.osea 
' I • ' • ' • . ., ' • 

whioll result in <'~n~idti'&bl~ 4~t;€Jo in entropy (4el;.(15i), (224) .. Tht9 

m~ .. n;•e mvortant oon:t~ibu.tion to tho ~·~!vir&g fove~~t of, ii~n .... a"tclu;snge9 i.e •. 

1J fo . thec , fa- ())lO'»IJlr ~. .afiWJ!I from the entl'O!IY cl~ given b),' ~ s, 

t ~hie to:t.ilm ~aS! rna~~ irott~ tho ·entl?opy of m~ittg,. oonfit\ttvational. 
- . . . 

(ln:tl!O Nl eh~n.~b: Of the mtl.tvU Mtl fc'6m eMn300 in tWi!Gr o! sol'V'etlt nole-
. ' 

o~ios ~owlt:t:ng ;tx;om tha :tom~tio!! and ae~d~ti® ~t ~&~~ge.tos ~d 
I 

sal-vati~n ah~s,. !i.!h~ intorvretation-. of ~tttrow to tht!$ still aomewllnt 

oooeul~tiv€1•· Eht:7t;)V'O~t> eon..')1de:Vl~b:Lo .an.tount ot work,l1!~VC been don$ t71th 

!ioap~Cit to t10at. o~n:ngea, asooe.d.ato<i witll tho bydre.ti.on 01ti dehy~~tion 

of tho ~mw.ntlG?' mat:v:blt,, en.d :f,;t }l....'l$ bo~l ~GOOGni~od ttt..at tll.~ prooo~s of 
' . 

<mooon~ · of tn.\t,.ono .tolt tWotom~ ±,nvolves ~eba..~~ across a tilted layer 

of fle.te!f molatral..$S- on til$ e~e!tangor' SJ.u,-.faae (i:a->.,.(167}~(152),~149),. 

(2i3)~(24.'1),(~).t(22Sl •. It hflf.l alao ba<t.'l estnblio~d tMt •(Jttt~ J?lo.va. a 
/ 

) ,; vor.y 1m:oo~toot r~ilt; ~ all:ohen.f?;O pr{,'ulos6e~}:~ ::. ~. '! cine~ tllo }Wd~ti~n one;aa..v 
, I 

\ 
\ 

of el(ohnnaers 1.~1Ges from teno _ ot thouo~ds ot on-;Loriafl. do\Jn\~aa. In 
' ~ I • 

thi.<J re$!-X)Qt tM Qontributi<Jna (.)f 140w, l~l.~iJ'"1 1 :r~rmenoofi: Rai 11-~1 it als 

t~!mll rind ~th0~$ n<7Jo4 Oa't'afOCI~ ~Ocn.etid~a.t1on9' 

,. 
- 'i'ho:t>moa.vnam1ea Qt tho ~C~'It};~ of .wlff) on a~vrtthot!Q io..~-.o110nrn 

r~amp lmve been ~~ed out b;r ~~tor$b~,noto e.:nd aGld.~t~v (2-27) and" by 

Doatl<W and :£~ij.t:ltt (23) .• 

' . . 
aili$ :Gel $ll.A t!luctinium 1wtll'~lt1do. end tho inov~ic c~tit.m. ~l Ul. ooltt""' 

tiona. o:J! ~10104 and f?l('JJ.. l.~V@ . bfl§K! a·opliod. to somo o£ thG Well Lm.GWZ!.. 
. . I 



:,.L -. --~ 

'· 

11 ~odsla _;rim~. tho ~ootrnot :~:,~rmo~~t~t,t!.t: metho5,1 1\iell.nnd o.."ld :BQ.n~ '~ 
'' . 
~Od$lS a.nd th~ tt~o£1~1 of .t~uley·~ A't;t~n·vt lUW.· it'Lao b.¢tm mnde to .walu.nte 
' 

\ 
\ · .. 
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~ 

/ 

Fa&mrA~..ot .~J.c~t;l~~~,g~Jt' 

~1\0 v~s~tilitiy of th0' ·pil~t>r)~av!ll'l.aa b0on omvly d~nonotvatad., 
·~ . '\...'!... ' /l ~v$x- airtq~ . tk~ i:nvention ot tlw :po~()~~vh •ss . ·~ ~leot~<»""'anc,l.ytiosi 

tool• ~he gt'Gai; nw.~o:t+ity o£ .~,lnro~~phio. vtOl"'~·t·!.mn· ·ooen do~e to ·thia 

·Gayl·W:ltll. e1$rtt~o--eot1ve etu.ba·t:ut'lflOO in .. Gl'Ue fJClutimh· Stt!t.lieS en .~l01wo­
(SJJ2~?'itJ! at enl~~ve;:r.t:Ji~. -otl' ~ee0 an~~ a(JJ..ids alt:'o also tmevm, ·tho1J.Sl;. quite 

soa~t.:r i..>vt com~~~oJ!. with those of t}fq fort.nel1~· 

!lhe vel.~ntil.~· teohniqu,e: \tao aloo· <:$tend~' ~or stu.dioa in tht.l 
. .. . .. ..1 .. 

tlot~Clin. of !llaQ!Ct¥"'"tltqleeR:tloo* 2~ 1wltnof'f0. :D.t'diolt.S;· strio~ a."'ld others 
fAA~ .lJ:; :fn ~oL:_, en\ ~.J.~ .. sw.:~ ~ CJ...QAI(~o....v~ ( 2.L8J 

11 (2iro), (155s), <trv>"aE~:vliarl, it to ·ett.\a;:r tha mt~o~it:m. ot eu:.tp}Wdryl · 
. . . r-------

~on:t:Ja·l~GSe'nt· m 1Jrot:~.:l'f'ta vdtb oth"~l. t;)CfXI~ ~oride. OMikrave.rti (39) .. _t,_....:. ~'\}'! . 
_,'!. .... ~--· • • .... 

also notioo& _ a ohi:ft. · fif ·halt tltl>V$· ~tant;al ot tho reduction wave · Qf 

Co3n3 Clz ~IhPn e. or:-... 3.11. am.cm.n·o ot, a. Qtebls SW'!jV(Jnsion of belt toni te or 

il:t:l:to 10 a,8,d~fl to ·the S1!JJO:tt-;loontal nt9ltttion~ Oirni~ shifts of half­

wave · vot~nt,~nl have otso be~t1 obo~ea i!t· cool)lE$ fort'aine 1}:o.aoti:onQ 

11 Dy d:tftor-(;mt ·t::ro~k~,a. (~5"1-)~ T!iu.~- tbo !ihirt ~n ~f~1av0. I»tentisl !s 
,· ~ 

1 ·: oona:t{1o;r;sd as;\ mde~ ot conp,.(4~'ttion~ 
;1 t~:liQli.'a ( f7c~ ) ho.C!§_ shown tt:la.t various tnsol.\Wl$ eabetanoaa in the 
I I 

"r' · fl :fot~ ()f a suopension Wltle:cgo d:troc:~ rea:uot:ton 'at tl~ ~Ot)D:L~g rJorat.~; 

' cathoa~. UG.jer (15:3) .ov.oo~Satet4 tt~'l.t) th0 trMs:r)ort. of vos.1t1ve cllc'.rc~o 
of colloidal _mioelleo l~G.O:ulta .:tn the tl$.~lo.riaat1on ol: tho dropvirlf.t 

-

. /f.mero~~ . ./ cathode; the :roau.otion ot tbs mioelloa $eemed ·to b@ VS11'3' r;uoh 
\ 

o:r.'obable.~t 'l:hose find~ w~tto n.Onftmad by tho' l?'ost!lto o£ ctu.dy of su.p .... 

oa..~e:~.ono of ~bon blsot:a t1ade by l~llum tl,."'ld il'»u..t1hel. (93).. ~hey ate. ted 

trot th<:i· eh.on;t ..... aorooa ~YRJ~n on tll.o am~taue of earbf}n tnrtioles is 

l?Sf3!~1ble .f.o:r' the l;'Otl.uetion OW1~etlt ru1d ohfmcd that with au.e.vcna:i.ono 



. ( ( 

3
. -·a.-

I 

to obtain ~vf>ll :co:vr.odu.cible ~ol.~o~\·t~h!o l"J&vos,· !11clm (1.79) showed tllilt 

i..'fl st:trvea. tn.asponaions of ootti.vQ · c;h:::Weot2'l a 1--e1atively t;r®.t ;red~otion 

eurr~·t flmto throu.Zfl, tho vol..arogta.~hic c~ll~· nhile ~ ~ q;tuet. ausl'Jen­

oion no, currant to obo0rvea, \'1llic!:t. ia Q.Uit'e in oonttto.st to nom~l. £jQJ.a­

ro~~phio \:tO~lt in true solu..tiol?.s(l' lle lmo divid~d p~bet11:~eea mveattco.ted 

into fOUl."' claoeath F~Stly, t\lU.S-pcn.sirruo of n~eterials, SUCh s.o aotivatod 
1 • 

ohOJ;'lo.:>.nl 01td O.."'tiden l:t.k:o na:n~eoo oxide and ouvrou.s osit!a~ thes®· cave 

;J.zry;-ogtuar \'Jt\Vea •. :tlQt st all ~G1~wriduciblo •. 3eo~nd1.y~: ftiai.Jb prenit)itates~ 

I ( · ou:Qh .ae· sul!,hirloo of ieQd ·ana msl!eur-Y .. : J. these gav~ good t'Jtives with a 

o~t; o.na t~(;!J~oducibl~ nle. .. .-·{if:ll.W" ~bo POtential nt \'ih:!oh Ilurrent \ve.o ne...'l£1-

mum: wa~ almra.ot~ist:t(J of ~sah prceiptf.tate. ~~l~ thil:d. e!Sss corioiotod 

· ·· ot euar~:riaiona i1ke a·tl'ttet:· abl()i'ido and a:tlvor ox;t&,,. with \7hioh tb.e 
. . 

CU!"'l.'on:ts d.ee:reo,s(!ld _on ott\!ldhltJ• r.i;h.ia v1aa e;1;t:ettmtod to the alt~e.-t1ou 

( ·' of tho St$te of th'Ci ~"JrrtiolOS we to agoil:'"'lg.., F:bmilly, tho fout"th olaoo 
t . 

of ou.bstanaes · inclttded · i:n.so'l~ble mat~I;io,. euoh a~ ~iuo and. land 

oUlpha.tas, ~~a rJQve nE) eu..~"anta~ It haf.3 been sta.tctl that strfJtl.!J a{:l..; 

aorpt:iGn on thG ~leetroue UUF:taoe. :La nootlsaary if l'lGtn"'Odtlcibla ~ol-.<"¢o.­

gt"$Dilic wave is te bo otrte.irw4~ a..tld that . the ou~~cmt w a .ftmctiot! of 

U tho potontitil of the bormin8 mdr:O~.Y,' oleotrode~ Tho mont otl .. ildnG and 
! 

:t.ml'!ol~a.ni reauJ .. t of this worlr is tll.at ou.bstmtcea o£ oqv.al cher;t·:tc.ua coo-

voa:Lti~n but. 'o£'diJ!£o~ant cwst!»llo~&f)ld.c ·co:notituti.on bo}w.ve clif£oren~ 

tly. suoh d.istinQtion tiithou.t tho aid ·of :{~ra::r ~lyoio,. had 11ovor ooett 

·vosaibie b$.fore.l) It bro~gnt. to li~~t th~ irJr){):rtan.t roia of th.a t~n:>e of 

tlte oryatel l~ttiee in the oolnt'ot.Wo.vlli~ beM.v:l9ur of ouopens:tonn• 
. 

re~~ pol-$;m@.?~Pbic study of somo otll~r pl~Jl:>:lco-ohof:rl!csl ~opeota 

armoo.itxtod witi'l suspe-n,Siono we o:l.t"Jo ropol."ted in ·litora.ture~; noa~ur~ 

!.'1\mt of the ~ate of attaint:lon"(j · ot ~ql\:tt.ibt'il:tln vtt. th fmel.v tli:vidt;Jd oolids 



I --....-_ 
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have been a:ttex:1pted: b1 ~r1:,rl:er a:>1d Itarohr~w (23~i-l and by Vodmulal and 
. ~· 

[laVkol (240) ·• mhe tome~ d~a.la wi~th ·th~ rato. of atta:k"'lmont of oo ion• 

~~b.o.nge l!eaction .equ1librittit.t~- &ld ueoa a. ab1aldea droln:>ing marcuru 
' 

et:tt~da~ wh~ ·l$ttw n@th.ot:l !~ · tY.as~a u.von tho polaro[WC!.t>!'d.o detottll.tia• . 
tion o£ "r.1hs U..,"tt$®taa ion .in tho ~leto~oc;en0oue syat~il.-. !fu oJ.so otudiol! 

' 
·~h~ Gfee<ft o.t the ~le~Ge ot eros~linlt;ir!g on aalphonaJ;od eatQ:ltes o£ the 

. 
n~nmtbalene-vh~!tol..-fort'!Ulldeh,ytto type,. and- also tho influmteG of ·the _ 

. f.tog'eeG 9f noidi+by 011 the ro;t$ '('}f n'frto:tnmon:t of 0'Auilib:rtum. :?he- roau.l to 

i'} Q£ thea~ rmrl«:>~a t1G~ imr>J:oved by zatio~ald (000) nho ilovelcn>ed e. norr 
u 

finGlr aivided · (.;lolida in su.soona:iott-" ~:b.e ue_thotl was baeoa uvon the ro.ts 

N of diei!!lolt~tion of ~ salid in su.ei?ooaion •. Zago~ld. • a taohni.<JU.¢; o..lao oo.d.e 
I, 

pm:tsibla · the etudy of hat~rogoneous ld.ru\}·hico, i.o~ tho nuso1 .. Vtion of 

·_pow•o[!J?f.\Vhi~ll.Y aot;tv.a su.'ba·~~ineaa :ln tlh.wpa7l.eian ot tulaortlont 1 tJho:re 
- ' 

-the ed.eorbent ta inaot1V~it :;:xw eUs.->tro fJf Bdsorirtion t1as i~und to lw.ve t\)"1. 

O't~oosite ,di~aot!on to the cm~G ;of d:iaoolu.tion,· rtrl<l its a-l<iPG t;?&d aboae 

inditt~tG th(;) o.cceneib:Llit·y oZ 001.,es~. ~h~.c~ nt£o ohGtll,;ctl £r.Jr: tha adoo1~11t-

ior~ o2 .~ott-.ylrm.e blue on !htll~-~ s. oo~h~ ~h~ o.Gtb.o(l ~n se~toro lirxt ts .... 

ticrrw rut.d l'lenco ·~ n<J<t fot~nd "U.flive1!aa.l am;l1~tien•-

Osoillotw~I~h'ic vol~ro~rJ10r \;-i.:-~h au.epoas:tons weo oorctoa ottt by' 

~ ,1 K~llvo&?.. using a.:ttenw.ting Oti.t<t'Qnt ~t 50 cfs (123).. !t r1as oboawod that 
I 

0 . - ~ ' -
tbo oolaur o£ a 'OubatMce. ooa a c~~ain ~:lign.1f1oar.t~-o; ~o!IR(J! tJbite ou.bot-

ll ____.!.\,- ' ' ' 

rirwea ~ not rot1uciible9 e.~, • tin (XV) o1.:iue~ t®talu'll (V) o~1tl0, 

t:t~o.niua (IV) o,.~iae, zitlo a-t!J.ph11tlG .• RoG.uoibi11ty wQ.a nloo: fm1nd to 
q 

depend u;pon the sizo of th.<?J eo.ticrii. oon.atitl!tirt.&: tho :i"flaoiublo OQUtf.!Ound 

)9art!ele. S:ll:Wl it r1so. fc>'Ul1t.l thn.t fl-'o~ ~or.m:rod PJ?Ooip-itatQ of elE:r:um.• 

t&ry eQJ.plltU' is mo:vo activo tty::t,..n tm, t)ld ~~l.phu.r or oul.phur flor-Jel"o~ 



a H 

.. ' 

• 
dift~oas 1n -~tole aize., TakinG into· cmu~iileration oo.l~ nnd 

Si~e ~ff~Otl'ht predietiOM VJ$re t'ltldO rGgtl~ing th.e. redu.Oibility of 0~ 
I ~ 

1 ., t~i)l subnta:ntH"Ja,: e:~e; .• ; ¢Q'IJ~li" ,II) Old.dG~ t~®~u.ry __ · (J;I) solenide, ate .. ? 
l / ' . ..-

(. 

V!l'deh are ooatly redtt<dbla-. 

I-~1 thG !Yt~t3a.allt t!'leo1a certn!ll :ot>lnx-o~pbie studios oove baon 

t'k"ll"'ri<tY£i @Ut ~r;:tth saevo.ns:tons. a£ oat~~Oll~axcb .. :-mg~e vi~l••· bentonite, vor­

mieu .. li:te1 :l.J.lite~ l~olinite, t.d.li<.ui gel and Al(Oit}rz, on t~llieb. ia ad:""' 
. ~-. . . - . 

·fJ 
sorbed oona Gloctro~cttve i~l'tl l·ilm ill ·Q1! Coo..'tl3 o,; notbylene. blue 

e."lt:ton• 

• 


