
fh~ iawattgQ;tion of clay mtneml.e ~ be traoea ta.r· back 

into antif;tu:tty. tlte Olt.Q' mineral cGlleept de~lopett o~ in iihe present. 

centU'1!7 ttith tbe ayatemat14 ~tuliet;J- gor the origiA of the co1lo16al. 

pr~rtfe.s or c~ m!:n&$1.._ Ctlnaid~mble -su~a• haS b&en -.chie-.ed 

1A 'tba paet ftfty N~ ln m~ t~ the sealfCb Al~ high p~t; 

cle,J~ and !Cor evlden®s 0£ the·u er:~staUWty., ~he: atom1o atruc'tt.ll'tls · 

o1 th• co=nou olq mnem~ have been. t\&temhlS'd to a ~s.t ext$® 

and al)pl!eit to exp;lain the t»::Jiar-tiaa ~the: ind1vJ.ilual m&!l~re hJ' 

~rous iftvaett.gators., 

Oorrela"ioa bet'Btlen -th& etruot\iDls and i;be exchan-ge p~p•r-
"' 

t!Gs o~ o).Qy mineralS tma beea established -from the importan,t. l'eeearch 

cmltribrt't110TJ.9 or iauU:ng (1)• :Sra,gg (2)., G-runer (3), Brilldle7 (4), 

Hoffman (51. --ball (6) •- Bena~tak;:J (-9) and othe-l'e (S.:14). boa 

·th<!lae at-ua:tee, clot a1n.el.'ala a!.'& reooB!liSed to e~tat eaaen~1a1~ 

of two et,.~tu:r&l tu.l1ts,. Or.w is cruapOBei ot two sbeeta of closely 

paCket! OJCU&eiJS or ~-iro.JJ'le u whicb Qluminiu.m o~ ma,~a1u.m a:tO!fl 

a%9 ~~a 1n t-he cotabe.dml. c~01"4iflQ'tio~ so tha.t they al.-• equ.1-

iU.stant. f'rom au ~&en$ ·or ~droqh-. WJ:th a.luatntun in the oe,ta­

bedml posi1i1-on. c'tJl:}f two-thkd& ot the poea!ble pceitionet Qft: Eil1e4i 

'to bala~ the ~tt1vJttWa• I-t itJ·. then t.he gibbS·1t(t. struct~ ha"d.ltg 

ths t~ Ala{OH)e• 1~ben ~:tum 1e :prastl.td~, all ·ttut· p.osetbl• 



;posi:tions are t!lle-a to balel'lte t~• ~-tru.e'ture td.ovtng the tl~!te 

etJ:~Uo~ 11l>th 't~e t'ormu:la ~( OH),6 * !Che eeooud ~t te th •. tetra ... 

h$dftl]V co-o~tna~d eutea• A a11mon atoo being Dla®~ at- the 

~M ·.o:· a resnle tetrabtilroa ·ts: e~~~tant .from tour OliF&e.-

,or ~droqlfl• f._ &il\ca tot~aheda ar&·_JoU.4 together iA $~a, :la 

directiOaa, t11rtl~ -QV'g.lfl• to £'®~ G he~ ~rk :tfb1cb te 

repeated tnaetinlWlT to tom a ehe"t of compt'l$1ti!i)A S140(J({}H)4 • ~ .• 

. t!Da :Of all the :tetreabedft are iA t,he ettrrua ai1"'Q:Ctton.. 'ihe ·Ot~'turea 
-~ ' fJ. . . . . • ., • 

. . 
tm- 'Jome . ot th• oll.\V ,.moBlo., used tn the prGsent in'W0tiS&tio11t 

~. ti:BCU:P~ bri:eny i.w ~ Of int~dUCtion. !2be'i.r dlf.f'ere-a b.'M 
. . . . ,. 

each othelt so.a their pacul1n.r1:tiae responetlll.,· Zor ;be epee~ c&lloi...._, 

dal behaviour M.ve aJ.•o Men tnatca.tea., 

tinl~S • ~~~ kQolhd.te 1e cctttp()ae«1 _~tf a e!agie C11li~ t•tra• 
. . 

lleth-al, she&~ and a a!Dg1e alumiiltuta ·OQi;nhGdJ:'al. ehit•t·: ~ontined a 
a unlt e_o 1ttrat tb$ til)ii· ot the s!li.oa •tmhadra ~- *)• c1'_ tta' 

lowQJ.~~S .,t: t~-. oota'he~al e~e&'t -~~~- a cmrnon ~-· All tl10 tf:,po: of­

the ell.~ t&tm!teda ,p~mt ·in t~· ~" d~Qt;ioi\ aM: t~nl th~ 
ce::ntl.'e .of the unit -«• ot.'tihe sU1ea awl ~he. net~~ Bbe-ete •. 

~be$6 $he.ete whtc~ are oont~OW'l ill the: a.. b titrofitionti• #e at~~4 · 
. " - -

' -

om $bove t,~ otha~ 1n the c•d~-t.iona,~ Dttr.tag otack1n,g th$_ oqgena 

of tbe tetrah0dral lay(QI 88 pla•tt iErrN · ol.o~ to the· by~oqlS ·o~ 

tbe ecUhaaal layu, s;o that ~·~ -~'liS f4""ll __ lml.d ti.Shtl3' by twaro­

gen bot141Dg ana as a ~-etil" -~ whtoh va17 ltttle tl.XP.~i- 1Jt pout- ,.., 

bt. in. t,_ C~11'!8C'tiOJ'l• 
btmD£11~£!nilt ·-' ~c~rdit.lg to tb~ c~ntlct: ~_,tel Qtlf10$pt,.. 

moaborllloD!to--·1& .composed of wrl.te »mila t»•- two. eil«c-4 tatmhfH§ra 



abaal8 wit~ a cen.tl!\ll o.l.umiaium aotab~dl'al ebeet.~ All the 'tip& ot 

tbe tebahe45 pOillt m the aa.ni& di~etion and ~owa~ the centa 

0'£ ~e unit. !ll• tetrahwm and octaliool!nl sheets a"" c~bit'led .~ 

such a ·waJ" t~.et the Upa of the te<tmhedra of eaeh silica el!e:e.t and 

one o.t t-."te twaroql :left~ ot the- oa.tshedral Shf):et gm,am a OOl'mlOA 

laJ'•-. The ~:to• ~O!l\1® 'tO ttte t$tra.betial. wta octahed:.'al lqe.­

b&come o !natena of Oll• 

·. · ·. · ~he-m~~l.EJ .. Df' 1tl~-~ m:'G• also_ deve'lopeft by $tQOldos 

ot tbQ-· unit tttt•~ts· ·Qn<J ~ the ot~~J! in -t~e ~:~teD.• DQriM 
""-~ . . . - . 

-' . 

ataottM., the o lo.r&rs "f ·C!'l& wu:t t\'1'6 ·pla~ close. to the o lapJ.'S 
_. . ; , ' . 

of thi!!t othe~ W\1~ ·wt.th aa -~~llm-t eleavage ltetween .. 'tht· shQGta •. 

·:wo~· moleflttl~a ~a ant&~. th- GP40• bat~i«m "he sbeeta cauaiJJg . ·, ' . ._. -

·&~t\Wll®.· :~~- thil. ·~ -~- t:h~, H~~~~~·. I.Bo~~~·· ~~bst1t~ti-
• ' I' • f' ~ • 

. of' ·b$illil!'- Ul~t:al ~{!~ e~ ell;I,.QOA aid. _tittmin1um ·tw -~A $'al ~eet. 

~ · tour.d ~ ;t.he mi%\erala It®~~-~· aij.a eaPof4t.e• ~~ctt~i,.. su-..· 

· :· atitutlott ;~n. the. ~etft~t"31 ~er ~ --ntmo~non.J.te -~akea 'plan 

. . ·. .. . ' 

. ·x.aa&~ql&ti 1 .a~l:tern~te s~Q.cklng o£ mtea and water lQyem r&p-~eate 

·- · .. ttr~ vam1~t11te ''frruo•o~ I$0l'!!OttpbOWl 1-ep].a.,mant oi." Al £~ Sl, : . . . . . 

· ~ ·. ~ ·a'l~· ·tak~ ph~e 1n the. t~eaml layer. an~ 8pl.ace~lit. of Fe 

•••• l 

. . \ . 

. . . . 
oulites., t,~ 1181;, :ea.ta,ta~"t; c.hare;e ditf'ie1e110¥ ~ bal.~ p1'imarf.1J" 

t:g: tlfl+tm.~ to·~ ~xt•"' by a.2~ ~kee.e-~ons· m be14·na: oxcl!an~ 
a'blQ 1~ b. bet.wson i;m, m1ca la&'e•• It l:'!Q8; alee blJ:SA euggasi;ed 

-that t~~~e exc:haqG~:\1>19 lOlls ~· BS.P0$1b1e £or the orient~tioa or 
... ,_a+ . . . 

·•te.r mo~w~a~ ~ -~ . Leas are p~~e~· !A. o~taltefh'al groupf.D8 



wlt~ •·sx water -mol.~culee causiag th-e extetenoe or 'two l.Of'~· -or 
•te» mnleeulea,, :bo.t with !t+ in pla~ d iltf+ ,. the thicltneee o% 

water layer !a· MO~Gle.eul~~· '!he- c~ie, eXpaneton 18 lmitea to 
·~ ~ 

t~e t~cltneas of two water m.nleculoa., 

&~o.ot-t·· ., ljartl)rd.t$ m a e.•at'tle.tio ol:"'lT of the hectorite va:rta ..... .... ~•t; •. . ~Z , .., - -- . wv· . . __ •1~· 

ttoctor:t.te ~ a aat~l rairfJ:ra1 aw•ll-g ·¢1El1f- Qll4 u.ew:tllJ'· r••S• 

iheavilf co.n:tam:lalteit wttb o=ther mtn.e~e Sl\C:'h aa dolomte. qWo\r-ta 

, o~o· whicll ~· ·n.at· eaaU¥- 8~4~: ftf! <ltlTJ®i.ta _oi; · hflcto~tto an 

n.lao llmitd-.-

. Ln.vont.to provide•~. tor the tll'mt. tfmec ~- ~ltabl-o: otmeuhat 

ttupp!f3" ot td.gh l>mi.ty awel11tlg ·c!J!ly. It bo.a a number ot ot.~~ lmpol.'-. .· . ·. ' . . . . 

taut :prope~iee !It)~ toW'J1, in itaJ Mtuml. equ$.VQ-l:.mt-• . 

It a· eoapased . ot mago.eaiU\1: e!-110n.te.• w1 'lb. a ley~ 1\ltrw::t.llft . . . . ' . . . '. 

tJitllUar \o utu.J.!Ql tleotor.tte tm.d is obtain~d sa a e,ran~1Brt 1r..,. 
' ~ . ..... . ' 

flatd.ll! w~i'te pGWil~.- !Eha powder £~• thkotr~to: sela ~a 41•-
• • I - ' 

pemed !,r; wate~~, .ttoctortte iEl_ tha tr1octnb.eltm1 f!tt;~mlMt. :ot GOAt-

. m~noni:te. ana ~a f.ta chM!'S• to octa'hm~l rep!aeemen.• o~ !fa ·o.r 
!.f.. Ita at~otl#'al ~omula 1• 

(staJ 1¥ L ~-r.~Y" ' .. 

= 
!fhtt otuu.-so .. is. of th9 wae~ _. o.~e to Q.,? mem!ea per uat't eeu.. . . . 



lit. CGl"tcin !~rd.t& p:roduota there a" no .flourille ~~~om 1ft :~h• 

structQt-e.. theS:e being replacfio ·by hydl1o~l io#O• fh:e lUJ'~~ ~• 
'!3 . . 

nbout 10. A thick an4. aft eJCt&nded Jato two dl.tm'i.Simw-.· If tb• 

cations p~ael,l.'t .We onlq. siliCon eml masneaiu,m a filin81• 'lW¥• 
? 

ooul.d be electr.l.callJ' neutral• lt&.eur. sine• 3om& _.&1\lil .itJ 

eutm't1tutd 'b.Y l1thltU'! alld SQ».e structural posi:tlws •ra&t'17 

·aecmphfl tq t~$t!e cation& ~ bo 'wt.Ol.t~'liedw tbase leyiJra ~~awe • 

neSf,\t!ve c~a~gg whio, is bsilan~a bJ" e~nangeil~l<t oa.tie.ilifl, m~-17 

so~l1·• .tons,, ca1tua.te' ot;atatile t~·· st¥•uet.t~·e bet1w'001t -th• l!~ltipl• . 
. • 

I.Ew~m .• " 
usually du:tt!ng CJ.7Stal .gl-owtb:, the tetmheurc. ar~ mt ao~~ 

~u-p led by c.i«con.. Al~~ ma_y ~u.Os.ti tnte for some of tb.• tetft­

hetiml ailleon at~• ·l?4ld' Ifr$tJ !e1:J' tb, '1~~ ·at.~ m;·~wr met~ ifJn8· of 

suitable si~• mq· oa~anpy .'" pa"" nf tno octane~ s.tteu. ~his !fto­

raottPhOUS "Placesn.t of to• m:tbalanc6$ the GY~l'.'al'~ fthQree of.*'-
Oll73'tal lat.t1G~h· fi.n e~sa .n~~i,t1w ell@ go dt!:v~lop& ,. tmioh ~ 

·b&laned ·- ~tl;;t'ionti :that aM r~in.ed o.u the exto:sud ":W.ye atlJ.oa'i• 

sur.tacoa. 9!t'Jt:J$9 C$t1oAS •·S-• lia-t* K+, 0&2+ and ()ttle::3 aro TllO~e or 

198s exehm'.lgeabl•• dependhlg oat~~ Mtura 0'! t~e MplaoinAI cati$M,, 

Mtttte or "ba: adSorbed ca~i~ Bnti t'h$ ·~1·~u.«• ana !.turt.n~ioa 
of the. struct\tl:'al chargee !ft16F ~r.a lt$1.d. bet~(te:;. u.u.it l~ars awl l>1a4 

Cl- • -

t'he layers togeth~. !hie .stv• r~ ·to the idea o£ catian E~XC~A"..nge 

ca!IBOlty (c.e.o) o£ the olq ttin.~l., lvhitH1 aeru:w the tote:t mmber 
~ ~- ·, 

o£ oxcllangeablt.J cat16AS ·thtltt the mtn!!'ral can ~ta:tn pall' 100 3• 

:t&n e:xo'hange: aol!l?~ion 0: i:l@.?~...n:W: t-JH. WGll. $1$ ·or~.io tOAe . . ·-
ts.~ t~ 1)001# in cloy; min&~lit (16- 19)~. ~ @l."iglnil .o,e ~1$rge 

of t~e ola;, 14tt1c:e-. O&l.'i.$Wd to be due 'to lattice impeJ:'feottoae. 



·bHkea beads a't ·~· engea of ~he ~iotes ~ eXposed a"~ 

'h;/d~ls_ ,..tn additloa to :t1\e .tsom~bto 3ubstit.at1on elr~ aea­
'tioma. !be a•sa't1V$ chal'.ga- ·C» "he olq .mtneftllS • .o.Qmpe~tel b7 
a~orption. oK· ce.t:iou. 4l"e orumtmt !one. de· heid oa tb• ateaal 

JJU'rtacee ot $~ ~ptes ana betwen. the u.n.it 141&5 m o}f§'o 

w~le+t swell !a aqtteilns SuS;tJ&nBi.Ctt,. ~Whereas tber an sorbed oJO.F on'Vo 
...... 

ttte ect·amal ~·•• in t• uoa-ewel-ling otaNs~ In 11queoua au,ep..-

sto~ sOllt(l, :oe tttet;3e .catit.m.s rema:1n hl a O'l.,_!J' hal<t stem la.rttrJ. 

otbel'a art~· arm.y tram 'tbe surtnc• alit tom. a aut-.. double l!tr•· 
Fmvldei 'that they aft J10t t~d ttl -~ engaged Ja a str~. 

epeoit.lc bonding mtb _thQ __ .. ol€W- .ot" l.lelna trapped &et-.en. Wilt lai'era 
tm~ havo oollal)S~ri.to;i;;t'lS~ ~~ib~ (la'tt1oe collape•)• ~be 

/. -

cotlfitcr !ems cum und.Orp ion exo!t~e with ot~ ca1i:tou pl,'GSeat: 

Ja t~e e~t~. :fhe map1tude \lf t,_ C•CiJ•C• of a c1QJ m:lne~ aepen.aa 

largely :cut the 'type -at cl.nN ond to a le~ e~nt on tbe sour.ce o'l 

a particular ea.mpl••-
Bestaes .c.e.-e •• ttl& e~olflc 81#'£ao• area ot a cls:r ~rat. 

18 onot~ importnllt prepe-rty tl'lnt «epentta on t-ho t,-pe ot el-.~ an4 . . -
also on 't~e aethcil of m.eas~~ emp'lOf.U:. .Atrtoag c~a · ot tbe sa$· 

't~e. the vetuee; dt.fte~ !'~a filtitmplie to eam.ple;, t'he uture f>t .iihe 

·cOtmter 1oml present in t~:e emae ea~la ,_,. alao 1D:tluance tu 
;>',. '~' 

moa.anna $tn'f'ace are-a. ~be tttaol:et1e$1 (Jttr.facs ~ aro c.Gileulat.t 

t~ tb.e w&:~~- o& \i-he Mit- COlle• =d th&·ir dim&nsiOntif ae indicat:tl 

.b:f x-=eau· autractioa. 
Syatama.tio stu.diea of· oat1on e.-hrulge .1Q. pure ()lfi¥. rdneJ!tala 

-re ~J$tl out: tq llQSe ani Daver (2>)-• Dar am -derloo (21)• 



ttendrlcke g.nd Al.emme' (22) .• 5obacbwott~be1 (23).,. Mukhtlr~e• (24) 
•:'" 

nna ot!:$!'S··· ~t o.t these ~stiga'fi!ons we;ee .basad 'QPOa exohans• 
- :..._·:' 

tlt;l'ttil.lbl'ila• ®-lec:tiv!ty e1to~. wt:t"t Bita!),;e inJ)11~ iOJ'lit (25.2ti). 

Bxcha~ge r•cti011.3 11\vo1vin8 e>1au ~in&rale mt;b o~ic compotmdft 

have also been •tabliehed ·trt·· dif~~~a.'O ecieu1;1s"ta (2?..30) .•. 

Amtmpt· ~Hero wr>l:'ker~t; aeaold (31) ( 1930) mll· ptmhap~ tl'* 

.. ~t tQ et;tW;r v~ti~lls" -tt!e exchaage belmviour et <ht, lib• at, 
. '.- ' . ' ; . ·' 

Ag, ~~ tis ·sAd ea p.ermti,tlta ail6 obseJWd ~ mcmaae· 1n ~b• .exehaug..- : 

a'bil1ty ot t'hese catJ;oDft iJ:l t1uf oraer sttowzh zn was.· f'oUiJl b7 bill to 

·be as .efteet~:~• ~..a. ·sa in it$. excl'tanging power~ JeDf! •« Elaab&l7 

(32)(1943) aMwedtc en ~'-'e bw11• of •l(O~e ohal'a-ed$t$C'$: ot zrr 

Ulont11orl110ld.te --ttni"- in ion is partial~ rendal'~ n~xobange.Ol• 

.. :tw. ·being co-ord;f.Antea to the cleu mill&lrG1• .Basu fiU:ld . .l'!t$t~ar~a• (33., 
' • I I 'I ' ' o • ' 

. 34) .stuiftea· .in (tetail ttie !o;teraetion. o~ ioatmorUlontto elaN ·ant~. 
' 

"t$Oe -•lement cat·!•· !h~ t)bsewaa the~ release o£ the· •tal 1CGC 
· · · a+ . B-t . a+ a+ . 2+ . . . 

in t'h$ 01'40» C· Zti ) ltfii _ ) 51 . • Co . ) . QU. from the Clq mineral. 

·aur.r~a v ·u+ -~ Mc~t).W~•: qaant1tBt1ve measll'L'emen.t revealed itbat 
-··~ ' . 

the ~· raleasea M'd'· much len ;than 'tlmt adSorbed• eo that a 

part t>£ the· atlaorbd caitiou _tfa&. co.tlS!derai to :be •t1ad'• Mnftill 
. ~ ' ' 

and Gle.osw. (5.5) studied -ttta.·adaorpt:ton o:t O~BUz),.ot3 ol} mOnt• 

~lloll1te Wider vu1oua p11 ~t:tons. ftte7 .toUAd -;ttat it Qn . . 
pem.lta 'the •i#ima't11.ltl o£ iGterllQ1: • emteft.lal e2tChQUg9 capae1tl~•-• 

D.a$ KG11~• \!ha~~llr.tt nntt ~her.1•e ':S?-39)_.~tu&ea $<laOrJittica 
. ' . 

wtfl· ileeort)tlon M! bamm1rliQ Uobal't (:tU) c'hlOJ.~t(le eiltl V1e-&t'Wlene 

atamme OO.lmlt (In). chloride en bentonite .ana varm1cul1te and 
Obafrft'e4 t~at ab~pt!Oll i.EJ· Ml)OrdiDS. to ~~~·e equ.at.ior.t anti 

/ 



aon--orb~ ·odiO!W $.~• too!l\Selvea into the lyotrap1e: aert.u. 

Recen~l¥·· Sa;rtttu- ~ Dau V..anw150 (40) bn"V• &hovn. t"lt\t in: tM _ 

·~ ot trl~t~fl7lene diam~~ Oo(III) frtlil tba .bentoA11~• 

tim:tr.lx ·.by alkalino aartl't metal toras, both t.lle b,yd~atetl ionic radit.W 

and the actproca1 ·Qf ~-- llal;Ve•!tuckel. ton aise p!U'tlm.ete~. a0
·• sq 

"usea to correlate 'th& ~l.a'tive affinities of the ton.e :to~ tba 

m_~ral v~~tile ~-or the. alkal-i m~d~al ionall" cnlg 1/ao ma;r N uttl we~~ 

tfhe eatiOJ:l·ezc~ange pmeees'between tHe (etvlena M~e:) ao(In) 

.._a a+ :Oil DlOJ.ltraoriUentte was· stUitled bf· 1iDutieon.,, J~1a ana . BoA-te:e. 
. - $+' 

Jr., (~)- and concluded th~ii '!he e%Chmt,ge of tJo(•~)3_ tor .iii.+ ~-

e~Hm&lJ' taVourable., witl, a unae~ey tQfarl aegrega:tif)A "'t the two 

Hiinda {)f on"'!oaa; ·!a t~e m~d -ol.OJS studied• :the et41M.ee on e.xcht.Ulge 

~~t-af'ta~10~1ea :af· Zeblt'~e. eit'h&l!f syntihat!C or- nattU'ill _.. ~~ . ...-

au! ·tale co-\'W~kQ+li8 (.a;) Wid Others tu,vo rec•:tve4 a great dea1 ot 

:att.~n:M~n 1n .t..~- ~· 

Inw:u~~f¥~ ~lo~l~~' o:f e~J) with siaplet organic ~oapouna. 

tr&~ eeemti~'lly· of tw.o 'QpQe; in OA6 · t1:pe 'tbe a,da-orbed, apeoies 

e.~i~ ae a ca:tion a1:td ia, t!i!G' ot~eJ:+ ® s. polatt non•tnn:lo c~ll.lld. 

~h'* ~pso:lf':kl ua-tur-& of 'thCJ. u~ miaerat--orgmd.e ion. react1oe b&ll 

.r:t:~ been .fe~i-t~l¥ well est~ill1sttea., ttQde~ au.itabl• conc11t1oJ1& ~t 

t:f'G9td~· ·catii!me ~e· ·QGpabl& or wplaoing t·?te !nterlurer inorganic 

:c~rtto.na 'itt ••o~tllonite and, WJ!lmion1ite type or min.eralth-

F~!'li6•:tiag up tb• wortz; .on .'f$lm'lf miaera1-o-rganio aomp:texee that· 

bG~n atr e-Jsr· as l$,tUI., Gt~ektng and ~kers (29:.-36.41;.41). 
- / / f 



--9--

emm!Mtl tte. in.tGMQ'tion of ~orill'rintto cl.swa uith a ~bEtr- ot 

ol."'gal3.ic baaee. cattQJW' f.Uld proteir11J:.· ifendrick& {44) extendet! 'tbie 

study to otbe~ al'iphatio ent'l eroma~t~ amines• alkaloids.. pur~e 

~ !l~leositl.Oe ueing ~t-mat~ill.ord.tf> as ad$-orbent. He eb.owed · 
<l;•f'> 

tl-!at sr.mtll Or'~<i. taae• neutratiaod tho n -t- iotJS up or olaa• tc> 

th., exq,"taup ~pa.o.t. \7 og t~ mont:oorillor.d .. ta as· ~t:e~ine4 ·itt t.b• 

exchange Viitb Ba.~. On th~ ot~ l'tn.ndt- 2arge al.kalo1d& auch as 

brQaine ~ o«~'iafk' :f."v..:f~l.:td to nsu.t:raliee: aJ~ tnt Ul iOD.S pl'!f.lllelib 

iu tht.J Ola¥·•· ~~i!J ltad Ueadrioks.. to postula.ta t~t. the dUf'~• 

be\we~tn. t-he total amoWl't ot ut ion.e and :t!:m'ti ava!lAbl.~: 'to'J! reacting . - . 

w!.th the _alkalo!tl repraa.entfJ the q.aEAtity 'ca~a· by th&· tlrs;aniO 
~ - .... 

base-.. ~hia cover-ttp e.tt'.ect -QP•s uno npera:t!"mt when the at~• ot 
' 

the aasorb&d c:trgan~e IIU'Jl.ecnl• cxceede :tt.te·· area. pt-r tJxoN\qe et t•• 
Dr t~!'J C~llf)lttm& l"fJk",,!ed bJ. t"ie w• i' t."'t®e invol:ving n-al.eyl all'lmll­

n!l!.l _ions reo-ei ved tJ.ote gma.tee-t attentt·on.. 2ha ~!temtstl'.F ot ol.q-
~e-~ 

organic reactione ~ :been ldl!. rertewed· _, Greenland (46) .• t1ortlaDLt 

(4'1) ana !2hang {4S),. 1:-. au.mbmr oi: general conclueiou. bas emerge& 

i'r'OOl tl'tese studies by nenttrf.:oklt (44.);; Jor~ (49)"' Oowau t.ma WhS:te 

(50}., l>iamoad anfl Kiater (S!l, W&1as (82)". a:reealav.d (~) ... : !hens 
et e.1 (631. Walker (54)• Vansant am t]ytt•rb.oev• (55) •. I&.ee 6"t al 

(5&) and otbera oo4 a aumma1'!ad bal.owl 

(1) !dso:rpt_101'4 ra~tt• a raui:mm et;twal. or olose to th• 
' 

exChange ~V r,f the cltq •.. Fa~ ve~3 lJong <ll'ud.a d.erlvati..-ea 

\ > :Oa), ad!Jor-9'tio.a ~- •~eee.a t~ie cap11civ ·t the exeess -~tng p.t-eeent 

as me moleel.ll&s •. 



(11) For mon.:~rtllo.ni't$- the ~ftn.J.'Q o~ 'tl'!Q oraontc ion ror 
t~a oleN e.wt.r~o ine:eases ~1:'13' w!t,h mo~ul.":l.r ws18trt. 1ibat u. 
the larger t~ cation,. thtl' &t~r is lte adsorption. ibiS· u 
aa.C:t'ibad *'() · tne inct'easeil Qoatribu.tion o.f wm. der WaalS :f'o-rcee. to 

"the afl.I!Crption eml!f!8 as t~ mol~cll.lar v.~is~t me-re•• ana Also._., 

t~ changes in tt-te l1f<irat:i<m e_tatun o.t the ions.in ~'h" c~ int-er­

~er_. 

(Hi) llaeal spQ.Qi:ng t!l9du-f'enu¥&ts sg~'t that the orgaalc ton 

ia adsorbed w!t~ its s~ortet:rt M1e.: perpend1culf1~ to tbe eilioa'te 

'l~E!t:tt,.. e-~e $tte~ . .a .flat <.tDnf:rf.~t;ton aftorde a el oee von d• ~ao'le 
' 

oontaf>'t• b«tSt.en t~ a{}aorbai:e aQ~ the en.batrat•· 
. {iv) smste~:~Ayer compleefl (4001":' 12.S.13·5· A0 )- are tormed 

witl:, montfllomllonlt• p-rGVii!ed t:ho.t 'the -area· of ttw ea:tion (upto 
- ·~ -- • I! 

o10.) ia l,aa·a t~tan ~~ ~ pa -~~tm~~ t<4-te • stn~e ttte- orgwJ.ic 

·1on\l' ad$ornad on one l~v•r ca,n. ti-t ~to the ~s be'tw•• tbos• 

a~o1:bed on. tbe ,~PPOSW.$ surl'aee. lttr bow&v.%lr. the oatton ~ 

( > 010 l exoq.da the c.~ per eso~Wb;gtJ position;, th18 l.o•-an4-key 

ar.~~en-t '18 no- l.O».ger poaelbl.e e.r.dt tl.ou'ble b\'f~r coap1uee 

(i001~ 16.1)..17.5 4\
0

) arc obtained •. 

(v) At higf! atU-ft1.a. ooneentrattona,. tons-chala ~l~ua 

1one ( /' 019) ~ tUaanme a.n •ena..on' orientation in whi'!h !h• ~lit.Jl 
c~:tn exten.&J awq from and makes a defin.1te angle with the sUlcate 

eur.f'no•• !A t.bta eon.f<rmat1tm ~e.t-er vm1 der Waale :iJltel.'Qct.ions 

batw8Bn al.k¥1 e?taiao are, posalbl~. ~be in.t-.rlqe-r apace is-- a.l.'so 

inet-et:iSed s:o thlit a lfutger a~ -ot th• O:t-tJardc iQ!W (:$!1 be acco• 
nn!JtJda.t ea. 



(vi) !Q. ve'.M1ouli.tf!!l., the tilted oonf'Qr!lation 1a geneally, 

obsened even i:ol!" ob:ort-cba:i.n. derivatives since tt• aieta~:~ 

eep8l'J'Qttoa o£ the: :mga'ti.Vf.l ~gee :bl tte entente. e.tlt"i"a;t$ i.e: leas 

tban f<t~ moot~111•n.ite., floo baet:d apae!ng Gf ve.mi~2li-te ~1..-a· 

'tendS to ~ll.OW a 0~11t1naoua ~toor 'ban a ~~wi.so 1AC%ease with. t.n. 
number l#g ~no.a a'tQtOO hi. the s.llral 01:ml;J1. DtJnble-lqsr comp1-• 

ot vermiol111te imva b!aea. Obe$1'!Ved at; nigh eolu;t~ c:on.eentr.tio1lit. 

(vii) !&ere ita e'!Jfi.denoa. 'to Ullioa~ t.tmt partial!q exo~d 

f301l.'t."llorilloiU;.t~ o.r.rstala ~ contp0$a4 Gt • iu.organtc ion rioh' Wld 

• alk:;ls.~ollita if>n ricn' leye.re aG shown by l?Qltt'er and ~- (57) 

an6 ~l:wng e:t al (5:5) ooa oth~rs. 

Sorption stt1atea ot drs and le:rge orsauio ton& on &:tfe~ 

adl!JoYbent.e.- pe.rtioularl7 on ·.01~e, have been made ·~ inntaeftDle 

wot?teN ovel* a pe.riod of: I!Jafll.J years. ttost of tb:f ~l~er ;tstudi.u 

have baen confiaed to tm atea&U!'mu.m" ot the: eu;r.faee awns ana 

o.e~to •. of t-Ale aaaoroonte • .RGlevent l.:ltemture is ravit~tKu! ·in the 

follewing p~ts:. 

As enrlq ae. 1910 Mare {58) observed t:baiS ayea could be 

adaorbed by Q17sta'UJ up -&o a .aa.'t:ttM't1-on value.. Ha~taol'uindl"atli et al 

(59) meti$ure.d t.m anrtaae a~ b3' l.OR temperatur& nt;~rogau adtlorp­

tiM bat:ore a:na ~r edsorptl.on. ot ~Wt}\Vlene blt»,., metl\Y1 violet 

&16 malacll:l;\e green on the Cb\v ~c:rtion ()~ kad11nict~h illite and 

:montlloril.l.nn1-t~t'• Ha~r; tht:J &t.f!i:ren.co, ~llf). actual. ElXtGnt of t.l» area 

of contact, iati£1 sva1uateil. mbie tmS t.~und to be relativelZ{ eaall 

sh~ that \Utd.Js the surtnee is avaUmbla f~ ntt!;>Ogfltl adeorpt1on-, 



it 1$, n:ot &e~s1blfl to dyQ mo1ocul~e. ille oatton e.a:ot!rulP tJapac!­

tie&-, fou.wl .frnm lml'iitvlem blue and metll'l v1ole'& sOl'.'ption oa 

kaolUite ad montmori.l1o:u1te• Vi$l.'O 1n cloe& a.graa:nent with those, 

.fOund by &t$ndnrd IIWtb.Cde. 

J.rooka (60) adeorb&d 1114.l't.tf'ltm.<t blue on lila+ forms (Ea
22 an.a 

lJa23) ot lra.olillite •. montmorillonite ead eilioa eond £lOt# SD4 found 

tm amount ot dy& uaaorbed to ~ f.lquivQlent to 'oo eOti.WD iti.aplaca4i 

ne believea that t..ne ayea Vi8r& adaorooa, ~t tile tirst atft&e• oa the 

·o1~ mi$ral $~£ace tbl'(Ul.flh ion.-e:acbauge proceae •. :Mora rqe iS 

uasorb&d after toot. which tln0 · e~la.ifte4 t-o be au.e -to. van dt'tr ~aala 

forcoo. !1l.Dae:b an.4 Roool't$·01.1 (61) a'ltlo fll'OPCsed two disti!'.Wt maobaat­

sms to opere.te ln tli13 ·sorpt1om: of' ~ on surfaces_ or ebw' miM-~a 
- ' 

Vi.z. 'tim partl$' 1rreft~1bl4!! l$-el(~e end. the tul4f ~vore.ibl• 

pltf.!e~al Qtla&rf)tiol!• :aer~ iiQd O'Konski. (62) repcrte4 that, the 

a.dflorpt!Oll o:f gj;tqi~Jle blue. oa mnatt:l6rUlonite. took place fi_ltt._ 

t.nrousn ~vt~rsib'l& too u*'btulge me~ e.n.d thCJ. tw pkqaJ.oa1 

adsorption m1d ver14ttd ttw eqt$'t1cn Of l?leecn SAd· Rocerteoa w1~ 

-t.neua cxp0:t'im&ntta rasul.t~ • 

. From t,ns· studie& of -~o:trrt1on of OJ!V01ad violet on a.w1taee 

ana ~ile and that or.. o:eanse IX on anata.ee. rutile and tn.no ouae, 

~ m.a t.tu (63) . eatimatea tne . cxoss1ect1on.Ql a~eas of' cr.vnat 

. v1ole.t ana ~" II• !- QSSU!l&d tmt too @Jrs molectt,lee ~l'e 

ad&nJrbed flat on the eu.r.t-ace tl,nii according]¥ they e.etimat•a tho 
. &a .oe 

crol!s.seott onal. o.1re.a of c~stal V!olei to ba 160 A and 1'11 A 

t!epondlng .c;m wbetiie:Jt the aye 18 aneorbsd m th9 de.tw:arat~d or Jvd$-

te! eoa4itt"n• T._ ersta ,occupiod ~,Oil$ or~& XI aolEJoQle waa cal• 
2 

onlatQt! to be 140 X • ~ sar.tacfl ~&.VJ of th& $deol'ben.te, calcula-

ted on the~ baeis of. . these crol!fm--secti:Qn.s-. were tn e-.csllent-



asrae•.nt t¥1 th those .found Ottt b.1 low 'tropemt1lre ;Uit~g- ~ 

ad~Jtu-ntion ani ale& _t._ elQotztoA nd.cr'oecopie analysu. Olauas;; 
. ~ . . ~ ~ 

Ro~ mtd llo.f~ (G4) mitOt'ted ·78 i.i\ ruld 130 1\ us tla -~ 

sectional i\l.'$d of metnJ"lent1 blue trom tbe adsarptlcm data tm 

graphitteea ~ no~·paph!tiaed carbon. T.be value ot 100 12 .• t~m 
' . "' . . . - . 

a fl.at: nmlsoule2 cr!.mtf!iti.on, a~ea axe&llentl7 W'.f. til. tbQt obt'erw4 

tv !$s Wid•- ~~lt!Q.e (65) ana tang11lft e1> el. (66). Surtacn~ are• 

ot alcQi;ned ~es:ia:, 81~. ai.llt.m ana ait!ca gel were oalculat«t 

trom ~~l ~ ~dsugt,1QA (67:). ~h& :reeults -re rapo:rt0d to agr.q. 

Wi'ttltft 6~. 

Jw asrt~amcnt. ~ al$0 noU~d in tba v~W* of aurtace .Qftae 

catou.l(\~d !J!I.oa the Qdeorptton. of moaoa.u1p130natacl acid wetCJl dye 
. - . 

(aodiu.ta sal-t ~ 1-am!no.t ~Sno •. ent~quiAone• 2-aul.Zt".Jn'lc acl4) 

~aqueous solution Wl.d that trom niti!ogen ~dsorptton. JA B-ll ••• o 
bond b4tti86U the ~0 ai1a b MSOl?baW WaS· e-t~etad. \66).. 

The aur£aoe areas ~a tb:eo~b /Jq(; aaeorptton. J»ueyer_. 
. . 

did n.ot a~e wl th tnoae Gbtai:ned tw- ;ai.t~gea a&:lor,tton. 1n a11 

caa&tt. Kl·pl!#g awl \111.snn (69} found dtscrapamies in speottl.c aur­

:fa.ce ~- ot -,oroue and ii.O~ron.e active ctnrooat measured b.J 

mat}W'lena blue and •2:trot;el'l adSorptions. Hof'mann ( fO) •· on t~- bade 

of ~~;tulena blue :ma ~onge It ad!oiorptmn on a wide variety ot 
c-laya·.-.s!lowefJ: that the- au.rf'ace ~- cUlCl.llatsd was on]1' ?OJ' oS th•· 

' 'tot&l. aurf'ace aNa. rflw '71. ?2) fOW1d tb.o.t' tte su.rro.ce a.J'0d~ o£. 

two bilU.-atte aarupl.ae calo~llawd -l\y a·orpu~ ot· Zo~ ~sa vta. 

mal.aollit-e g~zt o~ate., ~ebit.e ~n l\fdrOcblo!'1dQ• uma:mnt:h 

.atid tstftAZ:iae• we~l aJ>~ntlU 0q,u.ai to o..-fou.rtn of the tota1 



sU'1¢ace .•. s~ diecreprmcica fg&~. aleo ~pQt'"tea blr ~tt (?3). 

~1 aor Grinter ( 74) and Bancellin ( 75) :bl tneir raJSpf) cUve · adso~-

. ti:en $ttldieEt10. v~.t et~Wl violet on siU.c~t Ol.".fD't$1 violet oa gtaea 

nntl mattVl&ne blue. o~ mercu~. :~raft et al ( 76) frous a.~'02tP't.1on 

of me'btvlon~ blue mt. lead sulp:bate.,< Sub!'~ a et. a1 ( 77) lr:c«J 

c"l7e'tal ~iolo-t: ndso~tian. on glass anti Does and Singh ( 78) .fr1la 

ttgmol ola.e aorptioa on. acti-ve ~J)n;, arrivad at simt1ar uneatia­

l.liC"tcJ?, resulta:., · 

GUea · et S&l. (''19) tibeervad tm't the adsorp-tion o-t baaio· 070 

b:f Si.l.it:a fra:)m aqttaoue 001u:t1on !:XCettde'd ita mGU.Ol.f\Ver coverage 

requi~llent. '2hlf' npin.ad tnat ·til$· ifaGe ~ a(IJjJorb~d oo tu. eu.rfac• 

not as a single U!l1t but: Q& io~ micellaa. 2bifa wae ountiraei bJ 
tile adsorp'tinn ~ metkf/lene bl.ua aWl peeudoo,aniila · ·ohlor!Jle. tw· 
spectroocopic e~Jl3ti0!l. elf tbe solution bei"'<tN and Qfter iidSorp­

t:ton. Assoota.tion of' the d7$ f4.rylecal~ in th$ adsorbed state bart 

also bGGn detected iiraet~ 'h7 ~lact:t.'On m1~papb7 (SO). That rnca.ot. 

ot tJ:e ~lya m.olecu1as nre asaonmtefl ln s~lat:t0n as mi@llee .f'roal 

10 1io· 100 ~ol&cul.ar .un,ita iJW;l. rap07!ted by· D;;!lJlar and Smith (8'1,_ 82) • 

· · · Vlekerst~t .and $eU:1n \83) and ~r3llJ:!inn. Wlt! .o•Konet (12):. f:J~~~­

and; Gnoah \8'3a• 84. 35) , ·li\l~t~ ~'t a1 (84) am ~l..~ {86 i also Obeewel 
.... 
"' that ~e, aolecttlea • o:f wldca tm mo~ent or~ cations· ar& a 

:sull~~ottp .• 't~nd to &gGI'fig&~ -in\io dtm,er.tc anlt polym.el:'i:c speQiea in 

aqueous s.olution.. Konsonovski (88) aleo Viewed the adsorpHon ot 

(\Vee to takft p:tace tnrougb av'Jnol;a.ye~ r:u):&~'t.iOa of ·aesociatea micellae. 



1:\~0kS. (60), ll.Ctr~evu~. advooo.tad tbat the :eurrace arl.i~ am 
cat1Qn eJCcb£U'lge capacity t>f tha subs:tra.tee_,. with m~lene l:tlu•. 

adao~ption..,. could still bo measured. ;J;o caleu1ate t.ba e:.e.c., and 

e~.tace areaa;, he •uggeatod! addi titJn t:tt dye sol uti-. to a s~el'al 

susp•io..n in emall iuerem.ente till the eqtdlib2'1ma cencentl'a'lioa 

~ae 1 x m• Un>. imiostea bJ' a alight bluo colour ot U. e~•r-

natant. 

can ·be used tor the meaau.r.ment of' btltll s.ur:tac~ araao a,nl! Oti!'&•O•- Dt 

otrq mlnerala au.ob a,s. ~iW:t$,• illite end m:o.ntroor:!11on1. tG',!Whtfr 

attributaa tlw «J.'t.W& Of" tal~ in: lft~j&Stu-wg .sltri'aetJ araA'! Wl4 

~ltalJil)l~ .pac1t1~ tw: l.i'~i "'t: QJ: (90) nnft Dodenb.o1mer anti H•ller 

'91) to thf$: 1nattriici£"..n,'t replacement of· Oa~+ i.Oll~ ;~ =et.tqlene -lae 
.i.'r.f.m , ~---m:o~~mcrtllonite UlflEWd in. theb:r e:tu.M f:!Se Using Ba•elq Ulnteaa 

fJi: tho Qa---cl9y tk!Ga$ ~u:t~om cu1calat.e:d a.wte.oe a:~• f~ tn. 
· at~il1un.t: o.t m~t~le.- blu.tJ adilH')r.})@d a,ta~ O.P'timupn now:ula.t:ion cacl%ft'Oel:-. 

.!tt~;lly (i)~U~J,tgea vulaes ot metb.y!cne blue was u'.$ed to calculate tbl 

c.o-.c •. -of the m.on.tl\l&rillontt~t. ~\e'tl',fl.en~ btu& ~?leru.lc WMt .oO.nSiiler.t 

to poeaees aw~itla.tf)]¥ a. l!Btttangulnr volume of tlimensi:OM 17.0 ~ 

7-.6 x 3 .. 2$ J.3 ., ~htJY OO!te·vea tna:t ooat~ ot cloy: particles O()ctir~-
f11:9t ant\ vi~tti11iEhJd a ... tla\ ftJ;ce~n o~ientat1on at me~twlG'tl.e 'DlU!I 

. o2 .. 
tnD1eaulea (i.e. lying on the· av.o . .= 7.G A r~cf:el) .tor et.:teo"~Te 

ccverage ot au.r!'aQa&• Flnt; side-on onen.tat1on ,~ th.- ljye {t .... 

·17 .o ~ 3.28 .. jf face) was Ms~n when :fall e=to!Lrange took ~'lace •. 
~dl• and ~hCln!JSQl (91a) lat.~ eateli.deil tlds wolit to mon:tmnllontt.=:: 

S23~6 
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saturated with dl£fe~t ea-tl.ona aud obtained e;xpected valuee ot 

ot 'tka :streta.-- areas and c ••• c. 
\ieat., Carrol ard tlbttcomb (92) tuvestignted fJy'etematioallr' 

the ad80l'l)tion u~otoriatice o£ tilON than thtrty. ~ea OJt photO;­

~pbic br~oti1*1es -w obl~l'~U euap61ne1cn til 70}~ squooWt 

gelatins salution. man attemp$ to oa~relate tte eorpti.on er.d 

apt1.,a1 ssna-itisntion. It waa nm:t®ii in soma ~s tnat the dye 

adeorb- \fZWl3 very 11't1il.e at fire't but the 51i.e ot illcreaatt .ot dae 

a.a:aoJ.-pt~ incrgaeed ae -~- t\Ve ~ adSorbed. 2bey tamed tbitJ: 

ae 'c~•tiva a~orption'~- ~be in:'tEfxtnalecul!1r &orQGS b&'t¥t'Gea the 

krtJe 61& mo1eoultle are so biSb too-t tney po~merteed when 'Che -mole­

Odes cam-e e1oeer 1n tbe atleorbad staiJe,. giv!..ng rise to 1U.CHasea 

rate of alitiGrp'tion. 

ne et at ( 93 - 102) made o. serioa ot exh9.t#'it1ve: .atudl•• 

on sorption o£ ~- on eta elav mina~a and on t:bf11r 4esorpt:loa 

from th& cl.!W-dJ'e .cmnplexea -by varioue inorganic and Ol?g.anic tone •. 

fheJ'· fotma t-angnu;dr 'type of' ndst)t,;rtiorA tsothe~ to tlper&t.- ia. all 

eases-._ su.rfe;oa area tttet\Sl.'tr~nt. evaluation o£ e.e.c., d<rtem-ma• 
t.ion of selectivity coa.ft:totoilt$ aatl. uistr!bu·tion ~oof:Kicients aq 

th& higtili@ts of tn~l:" _,rk:. l'mr11ls md GQY ( 103) interacted 

tr.J.Mine-. t~etllflen0 blOO:., Hew mati.\Vl®.e blue • pamquat sa Qiqua• 

with ben~ite in tl1l.u.t~ aq~.o• ayntema •. ~lJaiST noted 1tllo.t -the (\Ve 

Oll't:truw :t~ ~SB~~ on ii.b9 clay sur.tac$ an.i ~egation 1nareauo• 

~'litJ1 ionic &tt!o.ngtb,:. rataing tte a.ppm1$n.t ad$Qrption capacity tv 
25:]1. ~ile ~egatef.l wars.., h~1Sver. rooovable b7 -wa,ebiJIS \d:tJl 



atati1le4 wate-r. ~hell also cbservad that c~ in aasorpt1oa d!W. 

to changes in t~:ratu~ W$1."a ema'll ana the ~- w~e irrev$ra1b]J' 

bound t.v tne c1-.v ~:tn~. 

Ya~~bi (104) :r&ce,nt]N e~dl,ed tlil $f·tect: of a.lky1 Ghala 

1engt_b (~. t& -o1"~) for t~ a®~tion ot ~tq-'lQtea aondiue 

()range ontittna on Jia .... mon.trnozttllonite •. a. obae1"'\lad that the l.G.~a 

:o£ w $1i.Phat-.1c 1al11 hat\ AO ap-preciable $!Zect on tte btndt,QS 

eonatant of adsorptiOn, 1koo. %'ate or naeorpt1on a.w tne allgle o£ 

tbe t"r&neiti.oa moa•<t' aue to a bad' t\'0 With .r~pect to electric 

fiel.d but tm '-lm')b1Uv* of a bountt t\1e to~ e.m1>t1 eite ·Qf eotter 

· oollolda.l pe.rttc1e w~ ~mtu!kt.ah]y af'£ecte« l1.r tm alk;yl chain. ·hO 

£actors, ¥1~· a'tenc ·Jlin.dra~- a!l.ii Jfl'dr!JPhob1c int0l!'a~iona am~ 

the ·a1JGtl onatns; of: ~ae@.it aor®tl '(\t;e mel~<:ttleiStc v.~re a~ppoael 

to influen.ce tne ttob111ty · O.:f bound d.S'e ~ &pPOSi te 'lt$YS• !b!e· fitd­

tn.~ ilemo!mt!'.o.'te& "-hiJ abiltty o~ a ol~ to ~c.ogni~ the shape of 

a ~tilecmle\ ~d ~~agtbe~ns· t-B9· · pfl-Ssibiltt,- o:f ~ing ·01-&.V - S'!iape­

oon$-itive catalJ'e' · '105).; · 

~€Ui ~vc lida~ bt~OJ+ ude·Ol'bad an uon-o-lw: 1r1atarta1u -~ 

eimiltU:t a.baerva.tior.l ae ~n t.b.Q ct~tt of olt41 m~m:ts .tua.VQ bhn. ·ma&&. 

~bl'a ·et nl (106) stu.aied tm norptian be-i".av1-ot# or two baaie 

eyes·,. brilllaut cresyl blt1e an.d ·Sn!r&J.liM~~tt on che:aicn:l:ty pre­

traa-tea J:.wih"oua tilt. (IV) oxtd4t 1me.or VGrY~ su-r£ace pl'.af.h!l :pn. 
CflllCOJltra~it.llll' tem:pe~.U'f;'"O flil(l dGSD~bSata4t ~llt'l €JO~tiOA Wd fotml 

·tet 1» pH ,if~penrlent and pret'Nrd.nmt ion-eJtcha.~fD bf:havi-ou-e was deuect. 

R.aeil- ana Rag~ ( 10?) observed eel.ectt ve a.d3c~ti.on of ~tQ'l 

'· 



anti ~t.tr'l. oraap on trd.-lorad a.t~~~ gel. .Ei ~r aettgi. o:v &t!\11 

o~~ onn be l!eteet1vely ttida'~betl b increaae4 amounts on. eiliea 

gel .tw preoipttattng it in preoon._ of mett.f,'l cr O't:l\Vl o~•· 

so,, it. a:ppaara tram tll$ reVifJiW above that tie SOX\ltion ~ 

•!M!tionie dyes, altliAlugh bel.1~vea t() be primri~ an ion uoh:mge 

p:oooGoa. !e. rat•r ·oomplloa-ted by tnlW. oiler factoN sueh as mol.fl"!­

oulaJJ" siee., Jlftl.eoular ge0111Qt~. itfe~e iateraotion. befl!deil• ot 

eo~ae, tb9 eur.tac& ctamct~~mat.:tca ot the raol"bents. tmt J.i; can 

!:n.raly be gim,ei'-.ali~d. £or rttl.IJ tt· q.xotAnge r.eact:tOn.a-. 2.hoagn the 

a.asorpti<rA c~o~%'iat1ca o.t eat!·~ dyfi& on d1£;te.:.-ent elfJI// 

ainer1lla baVe boou 1uwat1gat:Qd Srom lral'ious snGlee •. fl.imtlnr 11tu.d:l.ea 

on la;pontte: :(u. $yl\t~-'~io t~ioetal1eib:a1 h6Qt$tJ,;t.e) .are fi.Jtttl ladd . .ng •. 

~he daaorptif:')n cmract~1'iati• 9! tne ~e, Otltci.ons £rom t~ ol•• 

.?'!n:trlcea. lmv~ also not beea ve7'Y $J'St.emat1eal~ ~tu.Mea m til. tl1t.fennt 

inor-~U.c: a$. O:tt8Qaic O~ti~ .o£ ·Van''ifAS £J:!.8Gtt' am~ and charge• Our 

knowli)ama o£ tn• p}W'sicocbitrd.cel aapects o£ tm. dGtsorpt.ion proc.eseea 

.of the o:rg!Blie {ly&! ca:tiollS from the o~ aurtaeos t.w· orgonic 1~ 

in Q.t111 mea.~e,. It is 'in tllift C()p;te.~ tbn.t. _an a'tt"&:!lpt. baS been 

mt.ld:e in tho preseat inveati•tio.a;. t.o stuq 'fibe aorptto.n Qntl -ef)rp-

tiu benaviou.r o~ 'tMoniae ar:ut tetraat:.l¥1 tid..old,ne on tuld. £rQI meat­

mo~'il.lontte •. vemiculite',, 141Pontte and ·ka&lintte by' monotrW.entt 

b1.vat ent ana :trival•t 1nf>r~-o ana. organic i~ o£ var.ring etce 

~u.d Bl'lapeil! . 

'· 



A 1mv1ew of eution-cxemnge equatiol'l3 us 'they uro bfd,ng used 

in soil scinnce ms been dono by Bolt (1) tJnD their applicability 

to eoilo discussed tw Babcock '2). Sav®ral O.!}i;rooooos~ both quanti­

tative an« qualitative, havo been ma.do to ,_mde:ratnnd the equilibria 

bGtween rui ·ion e~ohr..ngett and tl-a ions in s~)lution (3). Various 

£omu1a:t:tons eimil.n1" to F.reunulicb ant1 L~-mv.!r's equations (ieo­

tbams) 't'7G11t() propm.cl!. The Preondl:.tch eq:u.'ltion, wt.dch ia ampit-ical, 

can be exvreasod as # 

... 1_ __ 1/n 
~~-. • ~ieO 

Where 'x' ia tho ooomlt of adsorbate ttlkoo u.p ~J 'm' gm o£ adsorbent, 

•rt• nud •n• are conatants tUld ,o, ie tro a.dsorbnte conccn:tration in 

oolution at equilibrium. fJ:lds equ:.ti;ion rus two limitations, \1) it 

dOOe not fla-liten out at higher values o£ 'c" as a syst~ o£ fixed 

oxomnge capaoi.ty shnu'lJl, una (ii) it eno;.;'S th11t tbe exchange varies 

w:ttu vnr.tation of totul volume. \'jolgaor anft Jal'l.IW (4) mcH1i£ied "the 

equation olimiooting too vol:I.J!le term as a 

:1/n 
ts r ar19 : ... -.. 

(a ::: initial concentrat'io.n of the ndeorbate). 

The Tan.1muir isotherm io ooaed on soun<1 kinetic and tl:larmo­

dyne,m!e pr.illciplas lmd was dlJVolorJed to describe t-he oosor~tion of 



gae.ee ®"to aoltd$ •. rt asawnes. tb.a.ii only- monO!ao:l.DCI:llar aaeorpt!oa 

take& :place, adsorption ie on localiSed tti.te&, tha't tbe:re an no 

interaeti<>P ootwe&n ·$daOrba.ts mle-e!Uea ~ tlat the heal 0~ adflO&-P­

't10ll :is indepen:lea\. o.t &tJ.l.l'i\liGG· c.Oll&J!age. 1i~a t is tll8 equilibria 

volume of the 8}1W a&Jor:ood per urd.t maas of adsorbeDt a' pressure. 

¥'-. then 

v = 

V • K. P 
m 

1- + K.P 
fJ 

what'e !'. te a cotl0'ta.nt depenltemt OD. t~peratu.'t'S ttnd Vm 1-s t.be wl.ume. 
' . 

ot the an.e· reql.ttNa to give •no'lAvv coverage or .unit mass ot 
&d1lltl!:'bent.. Ynen a~liei to ~t1011 :e.OJD $olu.tton tide equ.attoa 

. . . 

tfak.es the tom (5) :a-

(x/m) .K.- C 
x/m·= max ,, 

1 +, K.C 

-_ whGre x m the asou.at o.t tie. -e~lute afk!orbi)d tq ~it: 11 of :ad$orbent., 

e ~ tllG ~quiltbrtun! so'lut1.oJ.t conesn:tration.• K ie a PQllS-ta.nt e4 

'J&i/IG)max ia tile monola)"er capacity. ue:tng recip-:rooal tom tbQ abon 
I .. ' 

1 1 1 1 = • __ (x/m) 
K. (x/m) max· c (x/m) max 



il plot oZ 1/(%/ra) againet 1/c e!l.ou1d be.a st~gbt. line with a elope 

ot.1/K(x/m)rnax when the Lanmnu.tr relationsnip holds good. 

An equati<n with two conatnnts similar to ~utr'e was 

ur.oposo4 ~ Va~1e~ (6.7) as. • 

Sa 

vJbOr& x • amo~ii •ouanged . .- a • e:lectro]¥te added d s a-nA ·C ar-e 

bath eomstan-t'e• 

Applieat.i.on ·of the r~1'•s. ndeorp·tton equation to oettoa 

ex:cl'ange in e·otls was· initiated: ~1¥ Va.sel.e (6) in 1~a2 .• m:a ·Qiue.tion 

appea~ to t:!~ an. ~~Mou.& .att~p't. tQ· ras.tu:t~ the La.n~ ~uati.oa 

. in t(u."• ot amotUlte: of ~r.e cati:en added . 'to tue syat~m rnttwr tu.n 
1 te Q.o~.n.~s;tio.a at &qutlibr.in~~• lt: mev b0 s.oown. iihat on31" ••c. tJle 

~ratiG ol the fo:l'iilard alii .baOkwsutd ra"e constl\Ults 1a clnsa to unitr' 

such a l"CSta~ament ie acceptable and in all other oaoea i't doea not; 

a~paar to be sotm.t. (t) ... 

Aside .f:l-om Vageler•s eq;.t.~zttion.t the origi!'lal ~.uir equation 

in 1te ei!tlo.last :f-orm is ua.elesa for cation exc~g• as it ~-no-t 

t$ke the- ~ompetition bet.w6cl.n CtliiOA1c. speete!SJ into C.Cii3id~ioa. 

On.a .may_. neve7!t~1tma• il);t:ro&l().e thte. CO!lp$ti. tion. effeot in.t'O the 

IGngauir•s eq~-&i~ ra:tne:r ~J.mpJ,y by usiD.g Ken's {a) and Ga:gon'• 

(S) eqWl<ti:ons ee a starting pol.nt: (1}·•· Howe.v~r.,, ~tlloul.d on !OiJ."!"Ucbal'Jg• 

macYiilniem ·vredQ'tlinato in. the udsorp-tioa pr..oc\lBG tile lin~ ro~• of 

t1::$' X:angraut:e ·and J?mundli.ob. &qua'ti0ua will not be o"yed be.cauee ~ 



eou'lfmbic effeete m the aas~t9 !,ihue., in theory at lenst, it 18 

possible -to dlatbv.~ttish t~at..weet.l ionic and othe~ mohmlf.sail of ad:s~ 

tione •bY •a~• ,og dttf-etten'b taotbazm oquatiOAS (10)• 

~be t:on-e%ol·an;&Q rmmn~lati.ona · nt'e usQ&ll; based <m tJ1.1;-eo 

· tlJ&o.nes. 1 (!.) 0!7$'tal latt1C$ theory,, (11) double la~r 'tbeO'JY aD~. 

( W) D~'l manab~$ 11be:Ol7 .(UJ •. ~b~ .onl3 4it.terencet~ f.n t-. Y-ioue 

tneoriee. ~6 t~ poeit~1on and origin of tn~ •oballge eitea. IQ. a11 

oae~a;, thla Sl.te w osermttalli/ a .fixed aoa-dif'.t'ueible ioni.c ~ap­

ing· eaP$ttl:e ~f :tom~~a an el6®:rosta1>to, bond ~lf!th a smaU l!Ull'uaable 

1cr~ or o~ite charge. ':l!» eaue wt1in wniO·ll tbis la:tt:• ioa mar lJe 

repla®tl ae-pe~ on t!la atNngth 'Of the- bond~~ wllicn ·varies 1a a 

~ :eimilro? to the ilf.:saoct a-t!on of 'f6la;k eua strong eleauolqt.e. 

'Too lad gov&rntug 'tile- eltohtfi8e Gt tcn.a iA the86 ~erogen9QtlS' 

oyatene a~e QMlogou.s to tilt! laws govermns the aolu:t;.!4aa ;tJf •l•e­

ttaOla'tae •. 

fne fi~ u.~e of the. law of maas action ia tOl"mUlattng t.on 

exeiangfl GS a oo~1p'10to~ raVG:t."'lib1a :t'Oaatiou wae1 maae, l)y Gansen 

(19) nni! Ker.r (s) •. lnv~i~ttng a'peoifto tnaiae aat·toa e~na'tione .tor 

un1,.~1vnl&ut -nd urd'""'b1valent exo•g•· as a· 

- x+ + - II 2+ i +2Y+ i'.+ '- l'+X II 'i/l +X 
- "" II 

(i] ( y-j 
II 

_.( :i J Ct~• 
lt• 

II 
·~.a I' ::: 

(i) ( x+) I' (iJ2( xe) 
II 
,I 



S!:b$ ~ tn.Moa.tes tkS· ion u ttw e~cnanger p~se. ~.· constqta 

g1 aaa. .Kfa are term{ld ao o:a.leotiviv coet£i(..*teAte. 9!b& ionic tern 

repasent. equilibrium conoentrat.io,ns. :in solution. 1a:Ck:lng Worma­

ti'n. about tno ae~-tivttf.ea ot tm· 1on1c "PeoiOll in the ucbalger 

pmae.,. the $Q.td.11brium c~stanta could only lJa evaluated qu.a111ia­

.tively or erop~oal~,. A tae)19 ugorou.s ayplication o£ the law ot 
m..e.es aatton ms b~n. made b:f Boyd ana .. ld.e co-Ntirlt&ra (13) in which 

tta •~eoU.d solution' idea ot Vanselow (14) b28. baeu t}l) bdla oa 

the aosllmp'ti.ca that; tbe 1m1 exonanse 18. a "eblid ~luti.on! pl"6eeas. 
. . 

Vansel.ow. ri.etalUillS the monols.ver ne a;n; ideal two: d1~nsional 

aoltil solution,. asstUttd the act-iutiaa. of tb.e 'two ucbmger c~o­

nente to be propm~ticnnl. to their recpecti ve tm)le-fmo~iou. 
/ 

In the. present :tnee1·s an at.~:gnpt bas: :bean mn.de to fi't the 
/ 

adsorption d.ata ot two tbiua1.ll8 ayes via •. , fidonine at4d fat~ 

fit'i\Yl Wh\onJ.il$ (Uf.e) on montmoril'lontte, vel!'l!t:tcultte. kaOl.f.lll'to 

and, .linpontte irl 11be Langnu.d.r G!;luation: Elnd til& deeorptJ.on data ot 
tiia. 'ttlo t\f& cations .:t'rom tJW.ir reepo,o.t'ive W~Gorben-u ·complexes bJ' 

mo;ttova:tent ~ild bival.ent inoi'gc.nic ions in the m.oaal ot £rattle1' (15). 

~·· 
l?aulqy me i.DtGrpretea 8(llect:tntiea in 1o.n exc~o aquUl• 

br.fa by a ve7!1f s~p1e ·model.. ~he eenen.t1al featu.?e ·of tho tW;Jd(d te 

-tie el.eo'troetatie .-ttractio.tl between 'tbl. -counter itlns and t• f~a 
1on1c g&-Otll)S• It ill o.aoUIIII il.bat Q:l1 the~ eoanter iona ,_ til• tea 

exobange,;s are £oun.d at tb•r diettUlo.e of oloeest appmo.oh to the 

,ttxetl ~onic groups. wr.i~tng AR ani! Bll for 'the P.ntra of tUed. iontc 

group- una counter !oJl.S: at th~ di&tancut Gt al.oeeet approao.Ja,, 'lba 



AR -.---4 A+ R .... (1) 
' 

••• (2) 

Ot:n.lloas'bie law \ tdthout o.rq ~ctionl leada to tile tollOWing 
} . . ~ . 

. ••• (3}. 

-~ 

1\ f 0 £-.8-=l'---_ . dh_ 
~ ~2 - ]i2, f. 

~ 

.•••. (4) 

.a . ;__. ,;, .. 
w!lel'e .LHi2i' ant A 4 are thQ f'fte e.ael'§' obsa.sea fOJ: the procesBoe 

(1) and ·(2.)., :Ei = elec\rcntc oh&rge. E • Melootnc constant. ~ • 
M.etanoe ~- tie tt~tre: ·of' the· f'txe.a charge, e.0 

:::: distanc• of thft. 

oloses.'t ttPPt'otLOh b~on -t~ coun.tee ion •t• and flxd ionic 8l'OUP• 

Hence t~ ovilrall free energy clllnge .for the. whole prtX;es$ 1e '* 



- ) 

•.•• (6) 

ltl tu ~~cmagee of: varl.oll$ Wliwl- oountar ions •W} tor"" 

arb1tra17 univalent zeterence ton A, a 11n.ear relatiolitfbip shOtAtt 

e.d:st betW$9!1 ln ~ an& 1/a.i • l:"'or the multi:vnlan-t; :i-ona, the 
o&ilctda'titm iS 1.\0't as t;1mple. baeau~ aas~tio~~,. must be made ae 

~ now the ( un1va1enf;) 1'ixe4 lon:tc groupa and t.t¥t po]#valeat 

oouatett tens aM patwe.4. ille DlOdal: teaaa qf.IDl:Ltat!v&_. to preference 

ot the ion exch9Jl~ tor cauuterlon with emllsi' o.G values and .. 

.higher V&lMOY• 



A true t.~xcoonge equ111bnusn :1e COi~pletf;]i reverm1ble and 

·may be app~oachett from both sides ot the reantion equilibriua p~Y1-

aea tmt oertain conditions are obe&rved. ThesG conditions ar• 

·dotem1net1 ·by tie S&l!90t1v:l:if' .of t'be:· ion exchanger Wi11oil !n tum is 

1ntlu.en-o-etl by ~3W'Jall eff'ecttf• epeoifio :tnt&t'aottona. eto'ric •£f'eets. 

1en ~aooia~ion ~d ot.ne;- i.O"n"'!"aequester1n3 effects (1). Whee 'lbase 

ef.eeote. ~ laZ"se t:ne equilibrium will favoe· one e:tde o£ the roao­

-t,1on. -specifio 1il.ta~c't1one and non,nsn e.f.tecta largely determine i:oa 

selectivitY' in moat situ.ationa. Speotf'ic interactions (e.g •. l(6drogttn 

bmlding,. van d:or waala .torce53,, c~o tl'QnB:ter proce!!See" •tc,. ) 

oan produe& .sccomatQ adsorp~io.n interactions on the couaterion 

baund by tb.\l &.&cballger. 2mse increase tm seleotiv1'fW' of the adSor­

oont tor the a~orbed icn, ana. tllie ion iB tm.u llel.d p.rei"e:ren\1all7-· 

despite tile presenaft o.f bigb oonceAtrnttans o~ ooun.tt;;rton,a in solu•­

tion (2,3,_4)-., }}.ter1o ef.teo:te --can ale() intl.uenc-e reversibilf:tw~ aa 

evtdenett4 .!n ion~~pptng .ef'teete. .., In some syoteu 1on ... eequ~ster1ng 

ettoc:ts ( ineltld:lng i.®""Po.Uring., comgle~tns~ and p-xreclv-1tQ'tiOJ'lti) are 

imponant in aet&rmntng tli.$ sal~t;t-:f.vtty. rri:lnewJ._ly; tho s&sorben' 

prefers· the ion whieb a.se.oc1CltOD least· strcugty in solution fincl moat 

etretngly wtt:h 'tlW adsorbenit. (4) .. m~ £o:t'loang auner.till!entione -.,. 

be mad$ ra&Qrtling t~· tende:~ of a :Oation. i;o exellMge_ ont.o ~. 

na~tiw surtace~ '!bare is ·an. ine~ae in exc.b.sngeab.il:lty (e.} \ftth 

. '. 



decreasing !wtlr.atf.J4 1onto raains nb.d polari{;cbilitl'e (b) wi:~h 

· aeoteasi.llB o•o of cation i:'W-drattcntJ. ana (c) .vtttn .tncreaeing -counter-

ion ebarge., :l!beee crit"ra_. · lloweVo:e. d<l not hold good in cas~ 

where eome .ep eQ!f'!c' inter:aot:to..- take plaC$• 

Iu aooo.raawe with tm ._abov~ cbnervat~Oll$• tne order &f' 
: ' 

increasing preference o;t ~lkali metal ioaa for iOJ'li"-S.!CC.bange onto 

mor.ttL'Ilod.llonite (5 .... 26)• v~2nica:11t& \27) ana: ka.o"lidte (28., 29) 
+ + + .. "t ;- . + 

1s 1,1 <. Na, <. K < Rb < aa· • ina eJtCl!Qtlge ·of 1m4 is compli.eate4 bJ' 

ptwGtcal ·$,3aorptton. of &mmt')J).b, (20) and_ .tim~! on. or till~ icn \31) • 

lt wua {jbaowca ~bQ.t· ms4 is he1d -~ore str~ tmn &I (3~) o" 
0~1 Rb+ ~(5$),. 

S:tmilnrll'.,. t~ ex~e o~ H + is a1.eo eoraplieated du.e to ita 

at't$Ck ont~ c'! ay la:t~iQ(I) tiepln cing ailumninm or •a8nQS1nta 10118 
. . 

uhteb may 00. tdten .np by tho e.xoh~ e1tee (H.S$).-_ It- ·1ifUJ ~cried 

'that: E..,. is app..'Y"eut:\y P""«tf9~e:ii: ova!" &'1m.e di val:ent · cat iowa iti 1en. 

tttc.MJlgiJ. tm -momm.ortl:lonite aru1 clay soilS (13 •. Sp) a.na· over .caesium 

on w~mtqti'f~i;e (27} .. 5!he !!$,~tea r&l!f.ttv~ tll'dera Qf qemnge oa 
+ 1- • + + 2+ ,. . · · -+ . 1- + ,..,. _2+ 

~t!nnrtllon,ii'iP.> are H<cs·_(16J• K<_Jl<C. ?)-awl lt<.SI~.i< B<l!J8-

(37) .• Under- .cQ.tlai't.J.o.WJ whidh minim~ atssol.t.JtiOn: ot cla.f ,qy acid 
. . . . . . . ... .-t + + . . + + + 

Q,tt~ck., th& correapDn;~ orders a~e li<Na< It· (10) Q.Q.d Ha< B. <BJ4 

(32)~• l!ta sa~u.ance ot ex~e of alkalliW aa~ll ic.n.s on ola.va nas: 
_.,. 2:~ .. 2+ . 2+ -2+ . 2+ 

&'t'!ne~1ly bo'&n reportad afJ :t~~g- z th .( ·Oo. <. s~ <Ba (10,1.31J2~aa-

4$).. 2b.~ r~vo~e order ie Q{'Jf!Wtimos f'ound in vemiculi.te (45.4sl.:50). 

~the &JtCba.ng€t 0~ dival.ent ~.n.tn8i'Cion m&'tal oatiOLm on ewe.- 'the 
. .· 2+ • 2+ · · 2+ s+ · zr 2+ 

~&ported oriterst ·Of· pre.ferenoe are lti · C:f lit ~ Fe .C.. DO -< Zn Z.. Cu.-· 
g+ ·_ 2+ . . . fi!+ . 2+ . ' ·. 

(51) • ca < ;Co( II)' (52) and Hi < ia- (47) ~ A generalisation ·atq 

be made., · ft-<lal atudf:ea o-ottq;Jaring ·the exe.bango ot mono-.~ di- and 
' > . 



'tftVa'leAiii ,oa"ti._~ on clays • tibU:"t 't~-fto 1e· a l):fefereilce for oa~ 

611 bl~r .q~g$ (37•7•11~·1:~~,1G.17.&6.t40•4~6.52~5V) a.l'tbt.nalh 

't~L~ ·Je. •cepti.OA to t~ ~x-ena. 1a the ~ual gene•l pt.tr.pese: 

C$t1® eXCbangGliS• . tb! eelec1.tlvt'ty $GflU~8 Of the mos't Gmfmfm 
+ .• ~+ .. a+ ... 2+ .. a+ . 2+ .. _e+ e+ . 2+. 2+ . :a+ 

cations ts Ba,2 > i?:o- ./ sr :> ca. > Bt. / ott > oa > eo > ~- > fl& > u~2. > 
+ + · · + + + + + + I 6.--h ) . 

n)Ag >C&>Rb) K>l1li4)lia.> ~~ \:6~1 • 

trad'G'r suitable cn~iitiona, m~ or&anic oa:tit;na .$1Nt oapael• 

· t1£ l!ep'kciWJ tba 1ate:-tlaye~ ~rgaaio oatiollet. 0\..~-fllg &:cotu&• 

~ttca, U2o b•ntolllt~ \teli~oame ani 1111t& 1!tineralet. ~h• qc~e 
- -

X9ACtion. 1a. Stoicbio~;C Uil&p't ~- SOiUQ. bulk,y cat1'0ntt ttrbeil a 

; enve~up tlf£ect (62) .my ~_ai.;e-. Stua.te\'5: on "lda()~~at og &~e­

B;bl.e' aoa1- M.U ~o"ium ~- mn;t~Mt.Jtill.onite b7 vaaoua .,._~OAtura ; 

·qatltlf1S ~ made f1l !i:ucg -~'$ ~i · (63). !!?hoY' £0Qnd tAat ~m a'fAattr 
0 

· of t~-- ol~· 'Kor t•· o~~c ca~oa was line~l.v Jt"ebited -to mol.tuml&r' 

we-:i:g!rti Vlt-&b 'tbe- ucepttaa··ot -tile' adleJ! aet-1~um and large 
. . . . 

quat•ma• ~moniute i~., f-.. the more tllG longtb of the.. tllkJ"l:• 
~ord.um o.ta1a :Ulclteaeee t~ ~a~ te - con.tabu.ti~ ot. lil\Vai.aal. 

· nt:m.-coulombio t«JJroee to ads4:trpti()f4. wttht.n a sroup og pr:t~.-­

eecontt~ &n4 teftial'.V' mu!Qe&' · tb& afftntv of the ail\flafb!Ont. 

tons ibr 'tb$ cl:tW B.ecre~ii illtbe ~• a3mi>~~>:m.~ • tiAe 

iiifi\llfflnu~a •:ra e~atnea u fierrtfj ot aue awl smpe ot tho, tou_., 

~1b0a~r et at Gl«t li,Gte<t' tht~t .!a+ was. mu.cn .more oosi:IJ' _.Q~ tr 

t~ alley'lammon.tum 1.~ thaa was aa2.+ • In. etuai:ea ~r«J 'tW. · aDyl­

um3niWJ.l ion. is z.ep~cod • -~al.. ~ions. ibrtland Wl¢1-~. (64) 

· fjbf!lJle& tb.at ·fti() :0~~ n£ ef'.fsetiv~ss tn replacing ~-l~niua 



. _ _ . a+ ~a+ 1': .. + :;:;;~.,_.,.. ·it!'. ... .. .cb .-..- .:,;.~ ~· ion ~ AL ) \lliiO )~JA. -~ ;ln,.~,..-vbeNOI'G~ ~-~ u4.u..r"avwi.OO <GVu~•• OA 

partially exobange:d system& ftveole{i tbl t the ():rgatlie and :il.lnrSQn1o 

oationa ~ not uniforml,y. d!str:tbatei t~cngnout nl-1 the- surfaco 

o~ matmoxt.llontte,,. but thn~ a sepe~ti on o£ tba t:wt'l kinde· of lone 

tt~ok place 1n varl(JJ#J lrqe~. !his su.ggeata that whea the a1aplace­

ment ot ettql~mnon.iu.m ion by tlle metal ion f11oa one intcl"lt\Dll!!tllnr 

poai tion beginS • 1-t '!a tn.>mplettld before etl'qlammontu.m 1olli5 fWD 

~th&r lQUel.'S· are e:zc:rumgea. Simlar ... obeervatiruw b&Ne be•n reported 
. . 

-tw:· .:&ar-;t-.er rulQ: .. Er•er (65}., ~l~ao and L¥>~land {66) nntl. ~.baq 

at .al {G3)• ~btl ~.htlnge. of' varlod alql.&mi4on.tws. cati~ .frta 
- ' 

. aquool13 e.olu:tion bf' Na~'tapoatte halt~ been .oot'Tied ou-t by Vsneaa f.Ul4 

?eeters. t&?}. ~hey Qbae~H~etl. ·tbn1t"-- Qt£:tntty ot ~~e ·orsante 

cations ¥:;118 li·near--lf relate.a -to aol.acular 'lf4&1snt. mr>l.6tlu.l.ar eiae o:r 

cll.un lengt.h or 'the alk¥-lotG.oili\s t.oM. 2he 1\\f~ini:.- s~quence me 

bum ~"tri:buted to tho 1u.o~aa1ng contrt \uti ou. ot vft.u.· der w-.le 

for®$ 'ttl adsorp:tton energy n& 'tbs einie of t.he iono :bwree.tle&' (68) 
' 

tmtl ulso .to the cltf.1lfP3i in i;rilrati~ ectate ·!if tP., iQD$ 1n. tm :Otay 

.intm'lUJ'Q (69~.'10). 

O~g(J ~e-ne.lty af tba <il1J.r(- ~.r-al aer Qeo at'~·t$ the· 

ortoatation ot QilSOrbed ~rgen!e= entionm tW.oug~ e.t~ric effects. Thus, 

S:errat.o:aa .(?l) sh~d by iatm-red abeo.l,.ption toclmiqoo t!mt in 

ttJ:tti-dtn1~ontmGr1llon;i. -t8i the o~~11a. · oa.t10l1 asstutlod sn -orienta­

tion w1:1~ tilri p~ o£ t.l:e p,1rid1Ae Mll& ~:ms· pamllel.. with th• elq 

p-htele~e· td. tb a :tG@ult.wg ifoo1 ~J~cing: oj! .12· .• 6 A 0 .. r::Jfl- tn!'5 otl1$~ 
~. ~l1.itiJli.um~~ffil(ml1t'a lea$ --~- pyrtdil1.ium Cf;;tio.ns van~'Cal];y 

.~naititfed mtn ~.opaot t~ tb~ cl~ pleteleta ~- b;a$ ·a doot 
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eiPQCii13 ,f.tf 13 . .& A0
:. AppaMn.~. ·the close p!'Ox!m1ty of t.ba tat10A 

eJ~o~ge: ~1tea' preve~ts the · ~Mrd.~ ring ti'OS a&enJ,ntillg t.ba 

parall-el p$1 ttOA bQt:a~se ot the· ~tr.t~tad a1!Ca available t._. eaon 

pJridtntum cation~- Wha:J:ie neQtftl- bd polar' o~goo:l..to •lactllaa aft 
-. 0 

bound to the olt(V' ~aoe w ot.lleJ:t m~•,• sach as 10Jl-dtpole 

ill. tat-action~, eiarge d~nsi v would t.tleo be tt:apeoted in at.te-c'\ 'tMb 

oril,~ntat-:1• wt:t~ the interlam&U~ re~ of' &W$-lli.llg olaJ' 

'It. te aP.JQ:r.eni teoa tm ~vJ.ew above that 'be' exoharlse pro• 

p~~ea: o~ ·1493" mme!'ftle !lave 11een tho~ Btu.tU.ca ~v a awaber 

o-. 'Ill~•· ana tnet?t elmmcte4att.ca· ha•o beea. well eatabUa•a. ~ 

:mo-re ·tm~taa't c:tmmcte-msUdl are .l 

(l) ~~ olleewe.ti• or ~-ne ~o:troptc aeri.ea t.hf.)Ugh etteEJPt.ione 
• 0 

ve often obSeX'YGd. 

'!i) Ob$M.r.wnce ot' 't .. utr equa't11»1lw 'tm data o.a UOhQb8e 

s·oJ~Pti~ tl.f larg~) Or'$MU mol&c.nlea (e&peoirilla" the tJI:'o mol.e~lea). 

A iil~le t:tqulv&l~t: .t••tcn ~xc.l'wQ.ge a\luu.t'ioA bas !lea p~ 

posod -to. ;fit i:n. ~h$ excheaae t:1f Ba. + • K +.,. 0a2+ 011 b&ntontte ( 72)-

at. O.S{ta) ant 1-·0(M) ext~ Qal.1i ctmce-n~rd.tio.n. 

(lit) Fo~lation oZ eeleot1st1t7 oe&tticient. 

~e.bange ftled.Ql*ellteA't Q&n be wrlttoo. ~ • gen0~ - ea t 

-t A + 
zt 



wbere tm .l)ar df)oo'tes thE:t: S'l)eci.eta in t~ a&;orbatl pnta.ee eai ~1• 

~ ·~ t,ne 'VQlenc!.aa etA au« B r&~petiv&l»" troa which~­

Selecti~V ooeU:i.ot.ent :ttl e~el by tae equa't1Cll' 

.L ...L 
[F\] ~,. [i3] 22.._ 

;: . I ..L . 
[A] ~._ [ B] z~ 

~!a$ S&l~otivlty ooe:ttiotsat me®uere~n:ts and fibe4ien~ to the 

t~ili' equutt.• al"& !lf)~• ~ver. oa1wa1ve o£. ~- I:IW)'tb&r• 

· ~~• av.t:dl~B· · ~ meat]¥ c~ln.nA to tm·· re»>~t: o-r ·~ 
iuorggn..i.c cation ;fo~ anot-htll~• ~~ ie W'1!f/ .li:t'tia ~* on e.u~e 

~a.ot.i~ invol~ ~· t»1~1e Qati'~• '!bit .ebaAge of ~Be 

t>~O •ti'on.'ll lff $AGth~r M't.i~ oa ~m1)rlll0idt& md be. rcaportt«! 

bJ liQ'A._$$.,. If!• ( '13)~ SinCe t.l.le ()J:~ttfmr,Ulold.to ie G~p:Jailie : 

~ · lff~~!lObic\~:- tll& .-o~t:J ~~- e~rriet& _o~t in • i&O""''Ot~i~o­

p.row:t ab1ohol mbtu.re. Iti ~ .fo•i that undw the:. condtt1Gn ot 

t'b ezp~iment:, Q'!l· to 16 per· •n'5 ~g d1mt'I\Y1be~~~l•mJOnita 

cation cr.m ·be ~aplace4 ~m t!ltlntru:o~l:loni'te • 'tb a~t.twlatoetattecul- ~ 

~ant• oa'M.rul. ne, »as ~ eaa: c~mvan1 (-?4-77) -.. shOWlt 

thQ't eatttmte a,rs: e.g. •ti:tvlene ·J)l•• o~Wetal vto~ and m.-alaChlte. 

~ atfsotl'b&il oni;o- f4Qn't~l1(7ni<ts.. wm:i~ttU'te., !;aol!at-te a-d 

asbes'te mtn b~ euoortgea· •b:r 1o.ng~ktin ew.s.taee active 1~ l;!Jce - . -.:- .... 

oetyl:tr!Jae't!fl~enim ana oetylpyi.!'td~ t,;oas. In i;he pm8mt wnl.'k, ' 

.aGrpt1:on of' tttO 1111iae~· (\fe~ V'~.~ iJ:lto.n,~-.Qlld ~et~-~~~ 

'fb1f.mlne (~) ~ been $1iudted wlth te't~l-~on!ta. a:lbl18 a:t­
&tm14)id;~ an4 lcms·o~ eu.:r;taoe active t.ona 'bZ v~ ei0e- ellap •• 


