
tn to!IO!uny*$ QO'OlO-glQ:nl~t~m.too s.octet4 ~a also ill 

ag~,to~'l ttt:lte:l. :a.ntl t:i:~t.rt.Jleu~tum1 pr~C'~i~~,_. thctJJa m a at~»& 
$nt.er~t. ~~ a:tl. ~~Ja<JtQ Q£ :h~l*bio·1d~ $M pe:at.ic.S..~J;. t~• fh~ 

rn~rf()~1.tl~;, mobilitY·; p~~eci»~ aD.\1 reaitlual p~h~l:.ilS ·Of' a. 
trtS~bie:::Ut~ app:{.i:(J'il to ~. sQ.$,;1 ~~e ~$l:atd tti:v¢.~1-Y or, tnG!-~~tla" 

·to t~la pr'~r.t-~ea nt its· a,d~OllP'"~· utld de!SOl"'i)t..iM• l}et~U.efi 

phyS.1~tl ·ObGrrl~¢tQ GttHlt• .O;Q. tli~ i-.Q.tiJlnOtiOM ·~:f he~b1e~l\'~ ¥1itb 

a oil c.o-t'ituettt'S ouch ae <da;st ~rtl:lS ~ua ·'$'t~'lfl matt$r- ( 1) 

~an :gi:v~ M insight i«.to ttt~ aetu:al .. mode ot tiOti·Qtl. o;t ~leb 

b1~lo.gt~ll~ ao-ttw (}f>:DP~$$. s,n.d ·their tl.ltitlat.o tate 1n the 

s~'l envi.rQnt1la,tlt. $0. a a.tu.~:Y of the ~oc~a;;aea o:t ~&so~pt1on 

.~ der:to~pt-iM ot" a ~bieiite •tw- $'011. eln:u.~-~ ~ovida. uaet'ul 

tn£~1iton ~n-th, ~g~ tn ita tai}~· irJ< ~he eou ru1d rev~!$,, 

g~ue.~tly., ;th~ ~on~~ ~l~teJ.'fiot.;l.qs of thfl $Ql.l Qa· a wbOlll.l• 

~oo berbici~1nt t)Jttlpiarr'ti.~ nt P~~t:.,, (.:t,;t*~'U ... ~~:t\lyl'­
~. 4 •-:b1~pyl"iiJSrlium diebl.~1tlitJ, one c£ t.\3\l ~.Alt impO"~lit­

bip!frid;vl:tu~ he1lbic:tdoo. v1~~ .(lise~~ *''t ~n:t•t:l J~ilott'a 

Rill ReS~l'!lfeh :H~G~1ti.Ot~:t. ~~~.l(l• iU. l:95u,. atthou~h ptl~\~t at1;LtD 

~d b~tJ. ~QWr:A ~l.A*l~ 1flB2 ($) a-ad ~d btlan tta~d a~ o.t.~1dati~­

r~th~ctton iA4;i.c~1t-O:lW und~ . tl1$ u~~ matbyl rto;togen. t$.ilm'G 1.9~2\S );. 
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:tiG~--- ta· th$ 'l;mde. ttl-£ o.t P-l.c~ ~t-rtitla J~:td... x.e.z. 
Engtnut! tor "hif$ hir;ryrtdsrlitlii ·®l?bictae. '!he proi)~;r'tie,l or ·~· 

qu~t baVf! •tJ~ .~evlewed ·by. ·Oatctl.ec~ank {4l am .tlJdtrNek •4 

:M.nsoott .(6} ~d 6Mme:rsl .(6.)-. P~tts.t !a .a ln't>Qt\ apeot1\la. 

l"e!)idly ·tl.Otlag ceQA'ta@ h0~t.eit'ie :whioh h bighly ett~tfi\t(l 

~mt ~aeoe# and ·~t 'br~ l~avetl s~!.ae. It is ~fteot-sve 

u h$t'b1otde at. liM tl~Wlt~tiOA$ ot ab~ o:.t4 - 2.2 kill 
l\$G~e-.. A tlO.iq,ue ~rt,v nt: ~~(J-tal ia. i.t$ h:Pli! and c·•,:tote 

ail$0l!'1>"tion ontt1 a'Oll• iff:araqua.t tlla't weao~s the soil. ie r:aa-

derio!tti u.~~ilable te 11-lan.t: rGOtu ~ml have ~c ros1dual. actlnt.J •. 
:t;-; ·u.~ uaed t:o kill ._&~· w*e) QIVt1AtJ hfon tJlun:t108 a e~ 

{.)'~ hiit2~e til~ rn:'~ ~g~a., :~quet~lU1* $r#l1l.qu;at ii11l m.1.del¥ 

ut~(it illt A~ilul1<,se ito~ ~~ltrAt ~4 !l~emli!ill'i£~~ ~•d oOAt.-ol 

-~ 1·; Lt!\1.1' M 1-t.",(~·r..r~~'l u.~~ ~ ~~nfl"m 'ttllti.&~ t.a.:t~\6 e.ya~. 

I-t 1·s al'lt» t_U!4!.td fttUYJ ~~· c~t~&l: ~~~~ tl"61li'31 a4d QG. a di!'ect;$1 

ii!J~~ ia ·lr~~· o~~· l?..t.~ to tt-s /~:~1¢ca't1ttg' ·prap~~~ •.. it. finds 
!:;· . 

~ta~ .~p:tltcat·f.• t«~· a hev~.·a±d. •.. 
!no· uim3Pi>Ou.l!i .-t paraqu!:it ·~~1.m$.:tett, ,frfllA t:te mtlle.cta.ar 

•, 

mo-.itlt tr.; if~ dft: rri®~ ''1) are gt~~· W• 

0 
----=-7- 8 A-----1 

..,3e -~~ ....... --J~ {,._._.,._,;~ - e t13 
0· 

1------13- J4 A----------1 
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Amsu.mtng thaii tha· eat ionic: ·.cmarga ~ ~soolattitd wi.th the nttroget) 

atoma:.- the (')bars• on. tn& paraquat are aept;1rated by abont ?·-9 A
0 

:mld the ext!"~ 61mensi~O!l$· Of tne cation are 1S-t4 A0 and 6-.1 A
0 

iu1.~ anti thtol$a$il ft!:l'P~ii~V'~- ln. tl\1$ .aompound the two 

·pyridyli~rtt d.nga -a ecpl.s.~ ·and ths abildi.ty tc Qdopt -a .. ~l:ana.r 

:()Ollfi.g\tt=>a.t iOn ap)1&$t",s to ·~a u-~trJal';W :to~ hsrb!cid~.. t1Ctiv$-· 

lS'arunn. a~$:f.t .. a.tui lJiQlt (3) haV$ l?eO'SUtl.y Osl.C~ls;tefl tbs 

e-ha~g~ d!l~riin.-t-104- ·oi ~a.l'JSQ,t.tat by· ~ C$mplet~ li'IJfC~eet o£ J>ii'f~rell""' 

tt:i~ et~laJ> ~~~~peft~l ilf!Mtwu •...c.ntmi:.~l Pr90$dnr.t~ ~· 

~etr~~n <.h:ms:J.:ty datal#'.~-~&'!' Ghtrif ~"l~ tbe p~it~:tre o~ges 

.ion thea !U~G OO'U:it)n are dto:tl¥illx.tt~ a,..~~ the mol eqtll$ eA« 
~t1 s~ta~t: in tho p0tl1.t±o• -o1f!ab2 ~- ~as• 1;0 tile: he:tarooy•l1e 

n!.ti1.lg~ atama-. EaW~l1~ ~Jjit~4'Pr&t:at;:to.mJ o:f tlt*l aeob:atdsm Of: 

l.l'dSO~t.t.e.n Gt' tldat;t;ttat btf lSlOils ~ui ol~t. b<>wever, aamUflecl tbat 

t:be ®art;ee are l.Ooot®d 1rt. • bet-aoyolto ni-t~n atomtt-• 

»fjltiiqu$.'t 1e ~llf s!ll:ul\1.~ -~ ~t.t~r •«- lti$so~~t•· to 

give ti1'1''&1en~ ~~10 "aa-ti~- It iil: a . .ntn ~l&U1·El ~p~d (9) 

$1.d i8 ata:t'Jte 1n t).ctid ·a:nt lil~~~ s-~l\.'ttion~ bat d~~p-oe•-a ab.ov. 

_rS ~~ \4). l?araqu~:~t- -ad~~t.~1 ·en gta«..W. nUd$Qf' 9r th!n layCJr'a o:t 

$0$.1. !t'$ ph*t~be!ni:oe~l.ty d$gt"tttt~,, 3n ntml.~_gb.t Glt' UIM:ier U)Y lampa (4). 

fl~ta'f.'f$~. ~)h-$1.;4~:00-·~tfil 4·~~:&,t~"ti'Oll ~! ·.~i8a'tif1a$t ~OW11t~ -oa: SOil. 

J.»tl:WA!ae~a l.~ ·~b.e: Z1<$lt!-~ ~t -~~ ¢1~~ d~:Jrto~t~tt!id~ f)le· 

na'1'b.iUi1.~6· ~n.!lrl{~$ &~~g ~bSG.l-p~~ -~ 't'h~ ~ltf~aVi.f)"lt;)$ ft~-

.tt;Utl tba all~W~tti-. ,mald.nm;. OecJP'fl l\'l· ·25? ._, 
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·ibe; ~Olloi.<121. .,~o~n~ ot t~ olay. ~rnta tm~ 'ti&t;n 

U$~i!· £-or ·buD.~.ra{l 9f ~{tn,l'fl., ,._,!allY 111 ttte.·.-,~aot~ 01 

~~,w.7· t\ri.t .Sa ~.tlut~g~~ A Slf~t~ti(t at.t~p~ ll&.G• ~tiR'·•- .b-4 
:t - • . - . .. - - ··' - • -- • . . 

r:';4ftA on111·t#t. ·this· e~tu;ty t<>1-~~tv~ tbtl ~ ·~ il1~1':_ 

~ .... ~~ ""'~- - ~~""'f.~\<'..<..e' ~ ~1'1.."1· A A-'h'·•:>A~-. !..--.- '1;;.~•1 ..,.N-k<ol.i(L'ar,A...S. 4_-...,. · -h-~ ottaill., 
-~'IMIIU\t&W'.&.v ......... • "*v~•~<'i.J..v...-~~'llt ~.,...~'¥~ -~~ ~~"' -u, .... u.~oo~~ ;.&;U ~~ ~-v . . . 

n:lb 7~ in~~- to th~ ~tJ~l £~ ·.~ !~"'1~.1 ~e ~ 

t~ ~v!d~• a:f ·tbe,tt- Ci7.&Ulnit.J:~• ~n.· at.~o at.r.t\Ctnr-• of: -

th-e ·C~n cl~ mw~o. ha,. 'bee• 1ro u #.ant. •t•A 4~~:tD&A 

~·u4.1i· .f!P;;ill~ to ~'1~in ·the '~S:~i.{illi o£- 'the ~vU'l.uel -me!SU,,ra 

by ~1Xll1G blV~ltlft;.f..ti~Ml'•. ·~ stl\t"turee .Of~- ·0: t-<!:ie olq 

s~~& u.a~ !A -tk~ ~~~t l.nvaat.igation ·.~ bd.ei"l; al$0tt'P••· 

1nftioa-ttq :their &.-U<troeac• ~m- ·~ •tG~# atl4 tb&b ~~tta• 

-rttl~.~, wbl.cb nre ~pfln$libl.e t-o~ the ap~i~ ut.tUo.taat behtivt~ 

o.t ~he. ,fl~ttl•· Tl!ttn YQO't: tmli~Ol1:t, ot 'th$ ~·~ af)Qo eontatn 

!n 'lfte, cl.~ ~tw~s v"'l~·· k$Ql1tlth,: ttonttuO~iUo.l4tte. !tll1te~:, 

:eb:1-o~!te, V0r-~~til.ltt;t ~nd -~ l~~lstt:toe: trt>e' s:tM.:r.tatBlli 

o.u the ,~,\'l~ (¥.f o~'t~o-.on•tmll nl~t·~· or ttl•• 

c~ ~u~'t~, tht:l ~~11ln-tiou. ~~a :the a-trno:t-ure flM th"Q 

em~ JJl:t.O'Vlal't1® i~. ®-. eatab:li~~ troa tb& :it:.f~~~<t 

~aeA:.~n -~·lOAt~:tfltlt!.~nn :ot ~-liftg .(tol., ~· (:111. ·Gr.u~e~ -<~ra;, •. 
-~1~ ;(1.~1. na.tt~i1l~ (l~J,. ~]irahat\ (1SJ--• tt~ltll•· _ (16). Qs1d . . . 
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to ~st -·-·"-inlly ·ftt ·two $t;fu01i~ nnl-. one. 'li$ 0-0.ei 

- ot -two eneete close~ Ptl*fJil OlW'~ or tworo~t• ~- mde..b 

altln11~ ·or ~eatum attttta arf) ar.r~~ in_ octaJtetlr-4 ·~ 

or!matton, so that 1;h«f. ~e- -u!ute~t A'olll- a~ 0%9'~- ~­

by~h'Oul•·, With ;~ut11nl•.asn in. ~ cOOtMed~ ~i'lt••~ ot117 ·tw~ 

tht::t'l• of the ·~oo:st!de p:oet 'tit819 a~ mted to balau.ce ~- :~ 

+-~. It m the~ :athl)si~e a-tmotwre luB•ri'fi ... the~ fo~·~a .Al• ~~.)··-_ . ~~- - - . . . u . -- - . - .. . - -- ~ "'"-~ .~ e"~ e• 
When ~Qat~ !$· ~mt• n1l ct'htt pOWiittt• .pt)alt~ Q!t~!l ;em.a, 

to 'ila~• ~: s~~~e etv~ the bl"tli\lita sua~ wnteb bu 

tbe :to4~ ~tm>a~- ~ .~f4.4 Mit ~e ··tno t~~~ra:tl3' ~~ 

od~t\t~ ~a.e: A ail!.o~ at• bemi;i :Jl~ :at 'ti» ~-" ot 
a ~e@llo» utl'-ah~ iu -e¢aid!tt-tan.tl ~a l?.~ OJWSilaS or 

~dr-~~· mt•- e!'lith\ ·tetm llodra are jO.tAed to&&tha 1n the 

•• J:t di:l:t1Ct1-oaa .• t.h~ Oq~., 1;o tom a beutPM!. netwoa - . . 

-wbioh ·U1 ~~~ indeli~~ly w torl!t a ·sheet ~ contptUJJ.~1on 

ss.ost:at>.-•· ~ 1J1pa ,oz all the tetran~ are· a til& -~ _ 

tl!reolitll•· 

leo' ,.'!1'-ll.t••, • ,-:;zee;. .• 

tlttJ ~l.mtt~ i.e e~l)Oat!l'l ·ot a ·~e :ant.c-l.l totfth~ 

·a11$&t a~a a •tnsl• atu~ma QOi;~al ~~ c~ in. a Qt4t 

ao t\\at tb~ t·~t)$ .ot th$ &iltca t·at~~ atd. one Of' tb~ latrel'e 

ot ·tbe ontan~. sheat -~om- $ e~n. layaJt., .1\1'1 :th• Upa o.t the 

taili® t~\t.ara tlO~'t- ~ 'lrhtt ~0 d~t.104 at:¥.-<1. ·to'~ ~ 
- _ . / :.-.~>_ - •h- -~...A:__ ~. __ _.n; Of +1a""' all:toa, ~14 th$ O¢t$h~ ·~tB •· een.tt&-"* -~ ~~ :W:twl<J -~i.i-V ·-· - - - . . . -
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:tb:~mt!> -sh0Gta Whiolt at'o cm:ttL"lu.OUQ· U4 the $• b dm:ctt~ne- ar.., 

ll'tlarike!J: ona a~va- o~:r tn th• o tti:root:!J.ltb t:~a;'f':i~ $taeit~ 'the 

oxyge.tl.8 .O:f ~ tetr&1c.~l ~~r- &1fe !)laesA Wlr'.f l)l.-oee to ·tbe 

h.!rdl:Xl~l.~ qt ~~e. Clo:tahedral. ln:t~l".t ao 'th-at: "'tho ah~ts -ar~ b~l.d 

ti@ltl.y by· byih.•n~:t. .h~u.di~ -as n rt"m:u:lt of' uh1oh V'8'1!y little 

~.t:pans1J>A i-n -th-e ~0tltion is ~o~ibl~· 

~il0.£Ql.9P.t1f!J 

Aceo~i11f; to ·tnr.t eu,:er~tlY acc~ptad c~opt., ~t:~rill~ 

nit~ i• e:ompo!19~d &t un1ta. matle up. O"f: two &lieu tet~Dh~l 

tsbeets_-. Vili:b a eeat:raJ. tt.'l:Ufl~ ·O"f!tfibt;iml $ba$'t. ~11 the titJD 

o£ · 'tb~ ttatr'{U:ledrona ~a, I~f)jht 1ft ·the a~ di:recti~n and t.~ard 

the ei'l'Atr~ ot ttl~ unit •. -~- t~~-odra1 orad 'the oatnh'iil~ ehnts 

are combttJ.Qd, ill fl-..t{ab a ~v 1iba.t th~ tips ·ot" the t~t.rab.ed'rn or 
·~cb an1oo sheet ~l'Ul one· -of the· by:d~~l ~-~e o.e the oota• 

:b~·~ ~~431-&t fQ.l!i'll a c~O'A. 'l.t;iU<tt!• ~e atoms oo~on ~to the 't$tr,a­

'tle~lra'l ~'- · •Oo~ral l.ey~ ooc\lm.~ ·O 1ttat0ail .Of. CB .•. 

~h~ li11t1tJ'~l0 ~£ t!U.s group -~ Qso (f,wel-oped ll;f stacking 

o.~ t.~eaa WJ.it: 2~~et$ otte above ·M~ ot-hur iu t~ ~'-d~eot:i-on-. 

~rfttlg :flt£lcl~ingt: tbe '0 1Uifera o£ one un;!.t n_re elOfJe to- the· o 

hyare ·ot tle otl~~r unit,,. ac that theJ:G is aa e.a:r.:O:Ueu-t ol•av~,.ge 

be:t:tnr:e_a tJae ·alleeta. ~t~Olc&..r IU.f)lOOttlOO. Can ~~t~~ i.nt() thO epa_c~ 

bGtl!se-n tbe abee:t.s· oausi:ng ~xpansi~ o£ tho a:£tie .in ·th~ ·.c-
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lau~.'f!phou.& wbGtitu.t'-011 of' othar metti4l ion.& to~ $iltcon 

[:ald ro.u:mi.n1tll'l -by 1:~ ~ ~et;ium j,.g ;f~ in the ~U:raile 

;ufJA't.ronit~ and sa~ite- ~'~P·IlCt'!v.el1•· ~~'-ii1tla·t1t)l~ it~ the tet~ 

1\~r.~l. layer :tn .montmril!oni'te (lo.e& ·taite- pWe ~a.t to a 1~t6d 

>aJ!tent. 

V~:t_t'1n 11·tes 
;~~'!'*!.(~ 

t~t~rr-1ate. st.Qel~ing :of' min~ ~1 ~'\ter tny~r}) ~epr&s~t& 

~ttt~ ver;n1eul1-ta GtN¢'tnN*' I-mom<Jr-~tous ~eptaemae!l.t !Jf Al. ~aJf' S1 

{?.l:JZf~s ~~2' -ptuc-e ~ t:h0 tt!it'-''lht~~ .ley~ a."ld ~;~looeman:t- ·at 

~e ·01.' til($ f'tl'V- A'!. ill tho oet-a.~d~l. l~Y~ is 11wi'ted. ~- ~at~d 

~~l~ttU i;Q~-• th0 a~'t} ie<J:S.~tl--t~ o~· :def1\lit1lUe:y · :i11' ·bulaned 

prl~rily ·iri !it@(l.+a.nii. t~ f!l~e> ~e..ii)j.t b3 -i:ta2t bae itn~ an. held 

a.$ ~c.M~~~l.hl~ :t'Or&e -~ ~b!l;twea ~ r&i~ 1-q~~.. It bas alSO: -­

~(:$1i~- · thnt. 'tl'ii11S~ :6X~bl$. 'icf.Jl~ t~e- r~~!1ei,ble for the 

-·O:.t?i¢~lA).tic®. O'l ~t~ mot~o~il.(;l1l•; ~l.te t.~'t .if.lne are vtt~•t tu. 

~tabed~ .groupi~~ with 6lU ~a:ter ~lec~(!l,~ C~$1.ns tile eld;st-me.e 

.of t'WO lt.ty~:rs ,of w-~too:-" mol~~ul"'~" ~t ~-4 tb Kt-~ ~11ace ot ~t ·the 

tbick.ilGsa of wat~r lay~r u a0110m1~~. 1t~ta o- Ul$ exp:ansi~ 

~ 11-.m!tad· 't(t ttvlif ttd.;c-knafiia ot ·twJQ'. tt~iter ruGl;ae-tdEl$• 

'fi&nonit;, l ._._ ... ,.1,. •f• 

L'll~OlU;te ·i:; 1~ awnt..rbr~ti~ nlay l'>r the heQto-1."1·-t~ Var'.i.~!fW• 

B:~.ctoritt~ 16' a uatt$al miAai!W.. $/GilJi~l elttY m1il u.wall:Y' re~s 

h~o."f<il¥ ooat·arJ!!inatoo ~tth mb~tt ~~(J '~..tehl u:s dolom t-e:,. 

qnnt?'t41 ~o ii11';.tah ~~ M't euiU· :t~.nwOO:. ~~ dCiJf!OSitte {)f h:eetortt& 
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are- ~lso l.:tmttd. 

r ... ~l)Ontte ·p:wC'Vides for thD ."Elit'at time •· n .t-~11nbl-o ~ala­

tent su.:p_ply og bigb pu.1rity $Welling cl.nY>• !t has a ~ber o£ 

othor i:oportnttt l;?ll~artiea not :f~a ·in ite £¥ltum1 ~uiv&l~\· 

It: ill a-:t:i5pot:u;;d Qi' ma5nasium siUoat(aa wlth •f!. l~YG'r s~.""' 

·t@~ ~l.;'ld te obt:ru.ne.ti us ~$lUL"lr.. ~tr.1$-.tl:Ot.1:i,~¥B 11'1h1~e pO\t~l~r. rihe 

p-JJvil~ f'Q~~ ·tnixotropio ~s ~1.1-en d1a:t)~ll:$ad in wa.t~. La§!OAi to 

has .e. 'la;re.r euuetttre ein1lar to th0. ruattuYtl :booten.:'it.s. Reetortte 

ia :th<~ t1~1ootah-e.d.Nl etlttivatant o.t ~traor.t.Uoili" :and owe$ its 

·aha;rge ~o o.r:tfhotl~l ~>lae«a\ul.ta ~"rl t.!& lly ~1· 

Ite at~~tural £orm\lla ·1a 

. ' :\fl . 

~x tia :J Oe.Gtm >4. 
J.fz 

f!!be. C!l.a'rf!6 Jt is 't)f the ~~ q,t 0.6 tO• 0:.. 'I 'V~~iU'JiA'.S per ·unit 

e~l'l• ~:e stNet~ fo~~Ul.e of" S~"'-he:poltite 'fJ2 1e 

Itt o~~tttin t;a~i te p.r~:J:.duob_u th.'Et.IN1 ar~ l19 :flufl.r-.in.g a~ in 

tha tiltructn;xoe.p, t.~t~ae n" b4!1~ ~~la.~w.l ·tv -d~o::ey-1 lVll&• ~tul 

l~Gra (;glifl:t~l:a-ts) ar.g e.®u:t 10 !h0 tjl!.:o·~ and are ext·en.ded in· 

·two di~.nsiotm •. If tt1F.l! .en:tJi~m.a p:ro-C\l-t :il~r~ Only· ailieon an.d 
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m~t~J~t~ia~., $ ~'b:lil~ l:~e:t' ~~lit ~ *l. el.eet'•~~l.~tJ .nfi::~~~j H~~. 

a;!Jl~~ ·&~ ~-·nttt .!.$ #~~~"tttu~ :l.W' llt~~ -ra~, ~- s~i"U.,. 

t~~ 1)()$.l'ti;~· ft~..lle ~.1'~1~ .trJ ~~~ ~'1-.,i~ -~~- - ~­

~~~ie~ •. ·t~~ ~f:'~il -- a n~~tli'!J$ ctr.~ ~hi;.~ is lt:ta.~lJ4 

~ ~~~~v4tn~1·~bl.~· ~-~~tOM., ,m~ $'0dtJlm 1~,, :~dit'cWlt~ ~t~14.$ 

t~ r~'t'fU~'tu~~':f• >b{!ttr:Z,®-ft t~~ '•J.tl~l~ l~eftl:• 

~-a~~ ~~ft.~ ~*'-~~ ~~n, t)h• wot~• ~ ~ 

$~\tJ~~- ~-~~ -. ;~l1J4.~'~.il ~ :W ·ftl\\~4~ • ~~1W£t.: .;:~J4mt,­

ntont ·mag ~~1\~_t'f~n.'t& :for ~-e "'-' tl1-e t:-~-~1 ut.ltiqon a~ 

~nlf· -~-- It!;_., ~~ 0, etlSl ~-~ -t$1 1~ O.li -atli"ta~te. ~10e ·~ 

;oc~~x -~- '&?~ ot th-$ -net~~d'ml c't,~. ~~!e t.~~h~ ~k~ 

:~ ·tl£ i:O:.u ntltlla1'1l•~l"5 ~~ ~~tl c.nv&• ~£ the- C~$~1 1att1-e••: 

_ -~~- ~~- ~~-t$• eh~~ d~el• ~t~h .Ia .tn~ed t;y c~t-t:.t.ou 

~ht~t: a~f$ · ~~\-~·dl1~ 4n "the ttlttt)~l 1~1~ '31:lioate sood'Mt$-, fit•• 

~a.t-1:~• ~-1-: 'fin+ -~ ~+· .• ~41+ Mit qtbt1m -~ Q~ ttlt -1•~ 

_· . ·-~,.ns<mbl~t" 6~~1M.~ Ol!l, ~~;he -~~ :Of titS. Wpl.QOi:Ag c~'t10M• 

n~tl.tft &1.: -~ ~~~a ~t~t~ ~iii. ~• ~tl!h M4 ·41'3tnbtlt~• 

;&t tn• tilt~~~~l-ctt.~~•·· itl~Y • beil<I -~~tJ8a •,c ~~ana. 
btl~- th~ l~~ 't~i~th~•- !hili ;~ iii!~ 'in~ o£ CtllfS,1~ ~c~e 

o&tp~oitr .(r~'.,_fl.,e) ,tJt · t!~~ c~ ~1.illt' ~~ t• ·t~ ~~!1 ,fit 
~:.t~~~~b'l:f} Qat~~ ~ :a i!/)lo; can ~til~ 11~» ~® •• 

t~a :!~ ~t.~ a•(1t:f.~ :fl£ ~~ita ~ wall. :at\f 

-Gt!'~c l~$ lcti k.n~ trJ ®u~, tn ~au ~~t'Ola: -CiMt G). 



HMoa t!J.e: ·nr:ig;iJm .of· the ohal~ge a.t tn'EJ al:ll\Y latt:teO" -~ bal.;teved 

'ttl be due to isor."nr{YlliO' aubsti,tuti~~ lattice :im!)erl!eetioxu~,­

bro'kea ·honda a.t <t~~ cilf¥:lS of th0 j)!Wticl•s and ex_poe0d strue.tu.,rnl 

h;{;r6~l.e .. the n'Cf§ltiv~ nhar:ge o;u 'tbo elrayr nhterala :ia eott!l$Il.-

aatoo by tltlaorptioa. of. aeitlrirul. U:l~ ®®tor 10i:.l$ ro:re h~ld -on ths 

e-&terA.tl.'L ur.tr:facen o-.t tha, ~ooro~t:a:s ur1d b9tr~a tha u.~1t ln.v·ezoa 

in clay$ ®iAJb. ew~l in. uqu,~O:u~l ettar;.tmsi-on.. ~1horaiil'S the sor~tion. 

nf e·oun te-a?· iona tektTJS vlaee ·.on.to the ~xtcemal s~.fflcee -onl:t ill. 

tM)ll..,..a~~QlJ~it~ oltqs.. ·zn aqu&Ous saap~10A• some ot t~:1aee ca;tioua 

t'~S:mt:.iiti in a -o'losely hel.d $'tent 1a;J·0rt G'~hers @:lf.fase auQ.)t"' from 

the 6J;1r..t~f~:e and t!lue i"Q~ B di£f.u&\l d~-bl~ 'la:r@~ Provided that 

the.V are not :fiXed. -~ &ng@f.~iit& in. £.d~~Ag, s-pectif1(F b::Jnding tld th 

t'be, clay or by being t:ra:~pefl b$'t\'3tl@'n UA.it J.a.rers that nave 

Q((!ll~-ps;tmi t.oge1!he~ !rrev~.mibly (lntttea co~la,pt.ae) • the counter 

tons can. ttndel."gO iGll excl'u:mg~ w~th O'th~r ;¢.tt:tiO.ru;J p~aatt in tbe­

s~tO.t;liJ. 

Thf.t · magz.~itude of tho c. E#\J -r>:£ a e:ln.Y depende largely l'fl.}; 

the type or cle.y atMl to n. la~~<;r e~errt on the $o~oe ot a 

cl.ey mma:ral dapen;~ila o.rt tll:a ·tygt}_ot <:~l~ _aiii:l th~ ~etb.Gd ot m.ea­

,~~fu:r~~nt em,~i>lOyed;. af>JlOng c:laya. tl;t ttl~ aamG. type, ·th!zJ va:tu.es 

di££eg , t'ram 6ampl.e ·to eampla:• and thf;j n;atu.re ot tte ~'~W'lote:c 1 one 
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prooent: ifl. the :aa~~l,~ ·~·· ~t~o "inflqg~ t.rul tleo.eUJJ'~ ·tturl$OG 

~· The th•cHti(!al •'t"lnc0 ,arM$ we.r~ c~~u~t.at:&tl trJJta t::b 

~~eigbt$ ·~ ·tlto utait ~$lls:• and th~.~ tl1;r?m~1one ~- intlictd~$4 

l>i' -~-ra.v ·tlitbr:tA'fJt~#>n.. 

3,1atemat1;,.l' ~t:ultto$ .o~ C"tJ.ti~ ~e:h~e :in 1n1r~ CflQ 

llUl~t1ntla ~~:t!Q ·C~~i~ ~~tt iJy l!~GQ ~1 Bt'lV~ (24i,):. ~ ~tl. 

h~e,JJlCO (27'.).,, U~M.Wif)ks m~~ Al.~~~re~ {2fl), acba~bt'aol~J'lb&l (29), 

1!'-.lltbeyrJtJG: (30J •and Oc~b:~.i• iioot. ·ot tlt~o 1nv~~G-igat1~~ weft 

·b>:$.$~.a upnu: ~o:k~tt CilUil~·.trln.,. ni}l.oot:iv.itJ· ~to. .~~1-tn £J!Itp1e 

~~~n.a 1~ (.i~·t: ~J-• .a>mhnn~o ~~¢1;-iru.la i~VOl..Vj,;l:\i 0183 
mi~~~ltJ w.:t:tn or.~to o~~UOO$ ·J!~~ -~· l;e~A. ~~t . .al1l1s"tt hg 

~tt.tmre-t\~ soinntt~s; (3t~Gl· . 

J>-..~onp't \~ifm ~~.kers. lte~1d (~)· (193$) ~·. l)t~r!m,pe 

tbe :tJ.ra't ~o .gtu41 ~;at~Ue.~UY' tl~;e e~o-hnng$ b$M'Yl~ o£ G;~.­

l?b, a •. Ag., ZA:r :i!g tm4 Cd. P'illl't-r.J.'ti:t'OO ~d ~ba~ed M.. tner&sse 

14- the uoht:mg~bll.iV ot tn•• on~i-GM . in th~ (\rd~ ~h~·· ZA 

·~ t~l :- hta·to .~ f!O et!~nt;t~.u .~in i""ttt~ e:&G:htm.~ 

·n-~s,.. :J$nBY ~td &l~~aly {38) (1.943) nttOWd:t: on th~ ~to ·Gf· 

,~xobtmJ}e Q!m~t~h'lt:ic:a o:t ~n-.taontmf)»il:toldw th~t ~11 t.oa t·• 

~~:ia!lw r~fl1l~~ .u~~4c».fltiJt!n~l~ by t#Q1ng c:~r~~rllru)too '~Xi the 

.clay· ~n~~· !l~ r~ft ~l~~~a~ 'i:9,,~ 40} bave lttutitad in dlt8Jl 

t:h$ 1il't$M:a.q:tzt.q~~ ()t' mP!l>t®villolli:te c1q -~ t'~· el:e~~ catio.w5 • 

'flh~y ous~aa tJl$ ~~l:~:~ •OiJ the m~t.~ i.On<'f iia tb:a o~~~ ~Ag.;-> 
*a-r>BJ.2 + ·:: ao;2+) Utl~+ ~oa. 'tlla ~l..aJ $\l1tl!aee. b:f g;+ •. l!Onover. 

,~ti'tat!.v~ ~s t"e"/eal~i t.h.."\t 'ihe ~t ml.en$e4 waa 



! 

mu.i3h l~G . 'thnl1.. that adf.J01illeil• St> that a ~t .o.f 'till~ at!S~b-atl 

;e~tto.ns was coJ.l~id~ to tJt nt~ea•. ~ Ud Glae~ (41) 

-~tu~etl tb$ Slla011t1}ioa Oc~ aot~Hj)4~~3 .-. ~tfM;rillwd.te -­

v:nft.nus pi; contttt1Qne. fb~y t'Ctmd that 1't u.lao pel.~ t·• the 

ea't:i.mnt·lO!t -ot in$~nel a:atl ·ta:xt~{j;1 &~180 capa.cttit~e. 

'OhnL."11aV'O~ ·tllld !tgl'\~en (U); atutifaft iU.'l& a&ao~p'ti~n an« 

ites?lrp'ti.Otl. fJ:~ ~~-· ~1;~ ~·,~~~ at~-· ·lftl~-- ~e~~ £~~11W "" ~. ,··. . . 3+ .. . 
ttatemwa· tl!~· th~ ~~~· -. t:Oneaa J ~eel wm wtth 

1$cs.e !lb'tflin~ i:~O$ tl).e rn·cil'ttto4'l ~(i dQ~~~i.Cill atuili&s ·of 

~il + d/l ¥10~ •·· Da:s ~~3Q1. tJhakllaY~i ~ ~erJ:M ,. 
4&) stu.€11~ atl~o~t:ion and 4:eso~~1oa of b~ti.G Cobalt {lll) 

cblortd.:e ~ tri&etbyl•e d~~ Oob$1t (lil) enlor1ii.fJ OA 

b·$ltouttll all6: ve_.lfla1.1te f)fla Oba~e4 that a.d$Grpt1o.a ta 

aoco-rdicg t.o !ian~:ft* s equation att4 duo~~- cat:t·orm a=:tms• 
th~elvq s.oo~iM to tb~ !yotl'Gp~ '$Gr1~$. ltec~tl:;, bnr~d 

uta lias ~'a~o (46) have :ShOWA. t»at 1n th$ e.-noose .of· tttl~ 

t.~tbJtl•• d.tamin& oo (lit) ~m t" b~tonita ~tr!ll ttf 
alkaline Garth ta~tal. toilS• b<'1tb the })yd~t• iot:Uc ~auius Wli 

tb~ ~ip~ooal of th$ Deby~!!u~ loa .... a.ize ~~-• a•.-~ 

~ ua~ tc eorrelat'a the: rel~tiva :Q£.fi\tlittos ,of tlltt toas for 

tb& miaeral whil.e to~ the &tk~ -~ 1tt.wl O:f'd.Y• 1/aO ~ be 

utU1Qfl)l$, £We thQ pu~peo. ~:o~n al ~s\te.e •. Jr. (47) 

in"eettigat~ tho f)'l$ e-nr~t~grn;-phic l"Jaha.Vi~ Gf :aota1-tr1e 

·t~'l.~lr~~ tl~"iln~J f.lll)t.'lt)lO¥ oa-1i~·~~JEril a9Ataar11.1oait•tJ tor 



the S$-p-~tioa ·o:t O~i4ee of: nitr.GgGt.li anti U!$h"t b.yd~OC~~t'Jll$ ~4 

eh$wed 1:1hat 120 1G 1nvclv• in an ausorpti.O.a pttOeotllS on tbe 

~gena ot tn~ ~sal attrt:a1le of the cl.rq, ·w-n~reM t.~ ligbt 

bydroc~bona we:r$ ~il proba'bl.V i:QVOl:v~ !Ia a EUt&Vinl aepQ:N.ti:Oa. 

De oa.ti.on ~e~& p~oosii~ betw.eeu t:ritll (eti'1ylme dia.m.3Ae) 

ootlilJ and aa+ ou1a0lltmo1 .. Ulotd.to WatJ at~tied by ~tw«aon. J..'fl. 

and ttcAtee., J~. (48) rultl conolu.ded that the· exchange ot coten>i+ 
tor 11ft was utre."tl!ly' :t:.a.v~bt~ t.'l11'ttJ; a t~ntian.oy t~rd e-e~ 

ga~iOil o:t 'the· two ld.ttds ot cation~ Ul. the m:b:ed otava atu.died· 

b :studies o.a Qxotmng;e chal1actaria't1ea o:t :Meol1te. ~i:tl»l" 

ayntheti.~ ·or r.atw:-at by. Barr~r ani M~ co-wnrk(Jri! (49) ad 

·oth~~a ha.ve J?eoetved a g~at dmtl. o.f att~"lti on 1n r.e~~ut. Ytant"l!l• 

., !nterla.yer C!lm!;l,oua ot cl.QYS" wi'th aimJ)le. o~~io eom­

~ounas: are eeeeatia!lY of: t¥10 "typea., tnt)se ia Which "the o,daorbC 

fJ'J1.eeiaiJ Q.xtute (a) na a oat:t.o.n: &nd {cb) a$ a pOl@ c1)U-1:o.uio eot~­

. :!P'nt.utd.- !?1mm a a'tt.ati3' ot the· ~'1.~1iiOW3 biltwe,eu. or~to c,..,~OWUla 

~- dit$~oo.t. ty~ of eta.;y-e ,mael$: l>J' a lQ.-rgf;l. nu.mbar ot ~raet-a., 

tb-!.l speai.t~o natu~, o-.t 'tl:l .. e clttY minfial or~:tio i.c;.nlffl&O'ti·:Oa:a 

hae now· b~n tn:t~l¥_ ~0U establisnfi! •. u:naer auitabl.a ~.ruRt10Aa-. 

most oraa~l.iO cati~ ~ro c~pablo o.f ~acing the ,iQ.terolfi\Ye 

l®r$nu1e cntiors .Qt;Ct..1JY1ng axcnr~f.ltl altos in mon.~iUurd:t• 

Slld 'tfel.'mi<l!ulits type mmaftl,a. 

Uondrioite (50} e.xton.de4 G-~ae.ektng' s (111) atu.ew· of or~o 

. hasea. cation.s and pl'otei~ on man~J.OAite to ot.be~ a.ltt>hat!.c 
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lim! ~a:tio. a~~G~ alltdol.dst:c ~1l)ea ~ au.cl~lde• uslq 

tt~nnttnmttl.l®i'te t!tf nd~O»bA'tra~ •. ae ~-WI· abl• to $Mlf that aaall 

(Jr~ic bases ~t~iG:ei! the a+ 1U>na 11~ -0~ ClO.sG tiO th• 

·~hnase napnei t:~ of tl'te ~tm~l!ttUon!:te a• 6e1H~mu~a VI' the. 

~~- wi·tb -~+ • -~ tb~ &the~ ~" l!!i~Se atkatoiita,. .eu.ok 

as ~:e.me OJld 403.~1net tatteft 'tO .a.eat.~.:ta& a1:1 t;he a-t i.'Qtle 
' 

.p.l'tlaSAt •in th"O Ola.f• ft:tfii .led H~M~J.oka to ~os-tula't$ .. tbat tha· 

~'iiUe~~• b••a the tot~tl amouat ot li.,. tO&• and ~;;~~ :avail-
, . . 

abte .to~· ~~'ti~ ~-tt~. ~he ~~ ~'res•ts t~' qa•t:t'ty 
tt'C)ov~u: :JJ; the· or~1c ll~®·•· ~hi~ cov~ up illf~'t 4.omes JAto: 

(t~~i.~l1i1i)A fi~ Vi~· fJi~~ ,~:; '~btl $\o~b- iJjt'~~ii.l· t'l~~u;t:ear 

~c~e~ti' '~ ~a ~- e~e~ $',lt(!l~ ~ -t~ ~t~#l~•a; . (Ort!.$4 .111 

tttu ·wt\N.t ~ho:se uw,(jlV:blg · ~ittl~~t~~.,•~ £t.t.n~· ~-v~ t;he 

-~~t:~lUt' a!i~~ ~:t a~tMt:tt:aa.· %b~ ®~l.G'_,~ :ot ~-o-~~o 

!~l~itl~lil~ bt\a ~!$~.· w~l.l :t~~tft~ ~>z e•.£il~ (#2 1 ,. · ~oiftltmt 
(.13/ t~ui! 2hef!& (64i·t" J\ n~~li' :Qf: a•~l ~'OJ.ielua1~ ~ emorgd 

.fift!ta-1h~~ G~at~a- :m:~~cke· (.@tl),. Jtt1>~ !~). csm ahl 

- Whitt& (i®)~ ~i.w;.a,mAtl: ~d .Kmt$~ :(61)~ tifd$St (5fii.).t; -GJte~Ulawl (52)-, 

·~~ ~~. ~ Ctt-lil}'f. !S:lk$11'f (fi(~)'\1. V:~an-u -~ -u~~t-h~uu~ (Gllt 

~ee .et ·81 (~,) at~: :oltl~o~:ra ·atlii 1~ ~~~ hwl<.li;f 

tt) ;ti~ti,f$, ~a~ a t~ti~ ~l».il. ~~-tAos& tt\ tta. 

@ZC'.t~ '~:t;-iaai'tq ·o~ thf) ~~ialt-*' .TtG~ ~rs 1~ en~a 4$:t-ivat1v•a 

( > o-sJ, ·,trth~-x·~t-• ~ ~XUG'Gd t.h1ti ~~~t~:,., ~· ~~- -ihlias 

~~enti •-'-tl".t.o· ~-~ at~~-· 
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(2) l!Oi" ttOllltmor.lllontte. the affinity ·ot ihe ct-satllO 

i~n f.or the clay• 1acr~ea ref1'~l.y. ~'th sol.ec~~~~at weight,. 

that tn.., the l.~er- the (Stlt10n.,. the at~g~r !.b a.d~tion;,. 

!:hi!~ obaermtion 1e ;aear1'b~ to. tl'te ino~aed e<;)ntributioa t:t~· 

~ de" ~1$6111- t.o:eea to t~ ad~ptioa :erun-gv aa t~e _mol.eolilm­

t~oight ill~et!Ues •GOO ~o ~· thQ: oh•g~ t:lf the twdftt10Ji;_,etatlUI 

O! the :i.OW in th~ CloY iAtfWl~Etl!~ 

.(3J &u$1 3-PaCing •aour-e~ll't$ e~C$t" toot t.tl$ o~o 

:1oa is ~&o-rbed with 1"$s ahort®t W.e· perpe&'U.aul.alr· to •• · ... " . 
,. ' 

-eil1Qate :ta;y&r• ataeo such a ~lat cantormatiOA ooab~~ ol(!Ge 

~.w,~ iie~ ll~!.liJ c~1J;t!1.n t'{J ~e n~h1~~ :bet-~ th® ad:~~.ett~1t~ ·at1 
,· ~ . 

"GttbiiltWdW• 

¢ti a~1e~lay~ ~~l.~>0e Clloo.r--~e .. a ~ 1~i~~ t~rJ.1 
f.t~'''tf) fQ~it&~l 1f.Ji'th ilfJX1tmDgtl.oatt~it t~df)U ·tr~ tl~:et; -- 01:: ~h. 

ca:t'!i~1l ~~Jilt~1 e..10) ifi 1~8f:l ~M ·t!~ :n!'ea p~ ~~clla&l~0' .slt!l· eUHle 

'fib& ~~jlt) !on.r,a. $1tiorba4 tJn ~~ layc~ ~-tit mt.tt tl!.e ~l:p8 

bittwefll.l tn~~ •n.:.if~O~b~~ ~l.tl tii'ait. ;Qtyl)O~~ ~lri'SDe:t .It(! ro'lii.n1mr• 

ii#h.e oat:t.on ·tarrnl '.> ~i.O~ ~,oo'ditt th:e. at"sa ;pe~ o~n~-v;HP JiiOt."lltiOn,. 

'fihi'm': l.t>t~~d~-&:.~ ~angm-~t 1!1 n.Q: lOt~~~ pcsa-t~e ;Qd 6~tt;Jaa 

l~~ ~~itt~Qn L.7"a001--lif'~!YS - 17t)& a0~'t a»• obt~~ 
-\~} .~~ nt~~ll t~.t~"'ta~ ~~!~~~-t:tuJ.t~~"~· :t~-ch~"l.u sl.t.¥1• 

-~~um:ue- 1~· ( > ~0) }aa1· ~at.t:ti~t • .ltiena~nu o.mn~~atlr~. ia wn1ch 

'$-he Ql~t'l. -~ u."t~dtl awaY f~onJ. ~l.d ~~& a def'iMte ~e with 

·t:ha ~t.•t.- t.flf.!t'f~. ·1n thi:u oo.:n~~t.t~~ .~atol:" VG!.l a~· Waab 
" . .. .. :• .. ~. . ....... ,... 

,·~-~ .r:- ·~--.·'_;'j;_ 
. .. . '.'{ 

. ~~_-::ot"' -·:-~ 

l \~_.;.: ' . ~ ... 
" 

89840 ··· .tlt<tv:~ . :.:,;-it\· 
114-.J.A lt..:i...:. .d. <Jil U .N f!O"JJ ·_.;__; 
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~.nt.~~tiO~· ~?fe&;ti al~Y:l C~{d,~lQ al'(;l t).OSS:ltilQ• ihe· -~~~~ 

s:pa~~ itt ;alifD inc~s$d eo th~'t $ ~e~ amount ~t ~· o~4o 

·to.\';19 can h ao()Q!unoaattea. 

(G) t.n. ve~cttlit• th~a til.tg eont~itioo. i~" s-enerall11 

~b~ewott: $W!l. ,for f.;thO~t-c:Min. d:~~:tv~s atnca the tli$tanQ•· 

.r,t .e{!)pa~t!on o£ thtj .n~1:tive Q~~ in. ttl()t· &ilica.t• ~arla~·a 

.ts .tess tl1• sror mo.at:rnorili.~a~ •. ~Jt.ll ~eal ;$,~tug ·of v.am~..., 

¢lt"l1.tc cO,Ol~ezeSJ te~- to &h®' a e()~l.~a :a:'~ther- ~ a 

-~~~~a~ 1-n~,a(U) wi:th the !1Uttl\1$lt Of.: C(U."br>n atoms 1a1the-

a!~l ~ obaln.•. Doultl• lt.\1~-~- Q;'<>tl1Pl~ ot v&-culit-e ba'Vlol b•a 

obs~rv.ed at high et:tlute ·QOJ\f.nl)nt~tJ.QIJD• 

(7) _ !fh~Jre iG ev1ds® to !n4~ate tha't. parttal1:f ~hanged 

J!lOnt!norlll(lfd.ta :cmr.atals U8 ooxnpoaed Q:t 111a~io 104 _,_.:toh., 

and ·!faJ.ty'l ammo~um :~oh" lt&y~- as shGJ1l'.l. til ll\:.Tel1' -•4 

. l.lr.unnter (ss )., ~baug ~t ·ol (1$9,-).' ana ·othe•• 

Wh$ bipy~idt~lium hatl tJ.aa., di'!a~t . and ~.a:tt\Qu.at1 are 

pa.J-b$f't.!t th$; 'b~st- !taown and ~st. w:tdol,-»' st.u-~1~ . m•-.bers ot t~• 

oq;t'1oute pi)Utict~l<l1 famil1.t ~nuae of· 't~i~ ver~t$1:0 uae .ae 
brQatl e~eo·,t11tt~t otul'tnQ't ll~t-1;li'll:'id:~ Qll. W~;' the globs.•; li$teroue 

scientieta nave :¢£tt\tr:t~t:ed 'tO the Ut~-t~· -on tho a.-dsorpt.1P¥1 

aad . -il®<>~~tto.n .l;'Oh~Vtt·o~ Of. diq®:t and· v~u.~t wi:tb. ol.aY r:Jinorai-e 

·~ rs:Qi~, and the:tr irll11:tJtrtatlt f::i.nif~~, are· i$U~rl~e4: below; 

~e~~ .:a.t .~ ((i4}. S:tf.U~ied the U\tel!n~tlOU 01 di~at and 

p~tm't with mq®mortU.Qntto snd JtaoUm.te. ~na .n.ot$l: tbe.-t -tile 

b:a~~cta• w~~ tnkEm up b_.y the la,r~r e.U.i~ee upto the;l.J.f 
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l)~bant;e cap~!.ti:"G;b:JEh~, 2he ,a{lsON~~t:t.on ttaotheJ:rma bel.ong to t.be ll-

or· bigh af'f:t:nity claee of Gi1et.t ~t: al. \65} .~Gating ve1;:•y atrons 
a•1~~tiQn nn.d wer.Q tnsrmsitive t'o vaaa:tj,on o£ tem9eratu.ra. ~he 

itte'er.red th~'t d:lqtu:rt and parafiJl~t w~ ads~bed by a.fl.· iQl.-
+ 

e~oll~ process, l."aptaoi:ng an. cqutt./val.~t amOl).nt of lta tn.1:tial1Jr 

r>rasa~t ~t· tbe claY :au~faoEi•: 

thy¢s. ~t nl (66} :J.:lv~~!n!gr:~.tot'l ttte mtaraot ion ot diqu..li\t 

rol' + v+ ~J..,2+ 1'1 f't 2+ n · 4"o·~ ! · .,.>It '"+. ~ll~·t :ana pa-r€l.qunt with. b,a. 4• ...,-a· ai1f~ ·va roms ~ Ka0.£..4~·-a~. ...... J. 4h 

montmor:illOMto a.ntl V$;rm1cml.ita n!:tf'l eo~'.l.ud$d tmt tbe d~in.'3D.t 

:factor in ·a.t'h~orptiOi\ ~1. 'the m.i.nernl..a v1as a non.-s:po<tlfic intsrac­

tion betw~n b:tp;rrit1Slium cations 9Ad th~ c'h~ged. clay le.tt.ice. 

l').-nd su,vtJON~d tt.e W1.1~ of Knight :Elnd ~onil .. inaou (.67) t~t: t·J:ta 

funiier::tontm me:cnamam o:f atlaorption. et bOth the hurbioid~s on. 

the ~inerat~l waa e:at.ion QXCl'k"m~. JrrQm mio:t»®ailort.:uot$'!0 atndy" 

llo..yes. (lt ttl (SS) $1~ ~por'tea that. iii~ atlsOltfrl;ion ot tn.a 

hi'pyridyli!..tm iolts Qn Jia-oont-onite i~ GAothermtu whil a- in Ha­

~~!cu:lita,, the adeOl?lptton prooas~ is endothermic .• 

R&Nevor, a1:though the cation. e~chan.ge 1.a undo.u.btedly 

the, vrUici~al. mecllardea t.otd.$:rl:ting t~ u.pi;flke of tb$$e ·bi'QYJ:i­

dy].i.um i:ons by clave and a()tle• reo.ellt ult~a violet ~4Q.d infra.­

l."ed apentrost;!O.pic tnQasure!:leQ.ts by &que et ·ru.. (69, 7(}} have 

t.n<tiaated ·t:hat ehurge-trltJ:lilt~ bet"?1eten tbo ~~nie oo:tion and 

the ~io,rJ.i~. aU!cn't~o, ·frrun~Ol?k riltlY tt!SO bij :tnvolvo«·· 

X•ray :tJi.f~cet':ton atu.tti.es (64} o,f.' thac elay ·p~;nuqunt 

ootnpleX Guggoot that tho hattb1c1de <raUon. :J.s tntercaletsd by 
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m•tmwltl.t»l!.te. ani ·til~; ~l-'9.nEJ of tbe ~~- Ues pn~:tfi tD 

th~ silicat-e: 1~ia'•, t~ atitW4~ Qloae ~- tl~ t~.$ etl.4taot 

~'t~~ the ~l~e ~ 'th0 ol~ tttt~fa~llit• f!Q 1 • .w1ta»l1t13~r p~.­

tft~i~ ~courn wl-tll ktt011nS.:t.~-:. ai~~:t1<m t$1QS !~tRee OAU' 

C.tl ~:er~ ba-s~1 M{1 ~ge ~a~ilr::t et t~ltl 'W~~tde. !b.t.& 

ai!f~l:"~e ln th~ J.1):t;a"10~\ f'l:f .ai~l1~·.1.'01\ eitett Ji:t~l3 a.ec'llu,nt~ 

:f~ the oooewaili'Oll t~t m-~:U.'Onit:e ~·a.iM ad.eo%-bed ~e:ra­

~uafi web :r.titfl7'eJ ti:~~~ t~ ~l!Jli.~· 

ih(t· ser'*'~ ~~v.t~ o.: ·tit~ upt~~ ~ $tW1ti·<'FJ. ot 
~~fi~{!~~t l.W' c~e dea<J.r'ibr~ .~bW$ ~ lln~n. ~~i~m~1 b..v t• 
w~-k ot· ~(),mt:irt~- arttl ~~oiii~il,l;i)Jf'~ (WI+"~~ I~ 'lt\eue: MtbO~s. bav.e 

11~-troittt~ei the tom enst~~ atl"'~1t1t1~ .eap$C1't.Jn ( 'i¥AU) :t'Vbioh 

1$ tb.e ~~ftOit!1 :o£ tile a«eorb-3~t 1;.3$ ~tlne$ th~ ~'t ot h$:r,b1-

c1tia U\ so:b!tltln 'to tA 1e\fe1 wbi~"l\ :is ch~t;:ally uoo~ecuabl.e. 

·!he p~'tteal ~o~u:lnees U 1't l$ (l}h.~• tw 't!ila ttrJiU~ th.t\t the 

~\C ot)r:f"itfgp~1i.f to t..~e. oo.~ity .g~ h~rbifJlilal.. 11~t'f.:vat1.f1a -t_o 

w:lttMn ot; 00 %>·~ ·¢• (.6? ).,-. 

!lf~ and ~$'bQ (~2). he.v& tn:veati:gat'ad ·!tn. d&'t-Siil tb~ 

e...~f~:t ot ~.,d'S<n"~nt ch:fPt&tJ· ann th'e' ·~ ~£ ~lla~:bl.e cati®; 

initial-lY :~~$•t .in m.,qnt£:t$2i~U~n1t$" v~~ite- ®tl ~t+­

.aop'leta! mi .. c.~ ~ th~ atl~$t14)~ etr~~~1$1tiea c;'£ dlq-t Qnd 

p~uat• !hey ~tetl ~hat the ~!e~tm- excllm~ b.1 -~tmon.tl.on.i:t.e 

~l~ elo~ tt) t~..e -~~ ~p~i.·ey 'Ot thtt ~~plo b(!}:i.ng U.:ttle 

:bltlum.~ J>'9' t~ nt\t-mY.$ ·~ tne $4\t\l~t~ .:?Fttgru:li#.· ~1tuona •. 



;;."1'!1l.u v.a~Jlieul.ite ~aorb2a U1n;rac:bibly 1~ t!an it$ ~l'mUgG: 

o.n~itN ·~- -~· :as ~er cent o.r ~ $4'11bau~ oap-itZ¥ ot the 
:QJsc:oviw '1!*1!3p1~ w~ .!aatisfiod witt\ tl'10 b~bioid~ aationa. 

t..lo~ow.t-• th~l ;t~t of ad$io:I~Jt.io-a t'-d.tu. v~~~cul'iw de!lood~ 

·~ ·ttt$ tttttu~~;t~t1-S tnorgan.te cn't!iG!~a d:aor~~s:iJlg in. ·too :aequ;tM.ce 

~-- +- - ""+, u....2+ l~ /\;tl...;> ?~-, • 

~. ora.e.~ t.c ~llit\.a more- el~~ tb~ it1flu.~n~~ of 

~$ elu:trgfl. .de.1.lSity of tho ati$).rbtm:t ott thG eor:Qpeti "tive;,. 

edsnrptioa by ioA ~i'lM@1 of diqtu~" .ana ;{!a .. ra..'lUJ&t :men tnue . 

0~1io eatHllla .nr& b9tt.I. p~as•t,- ~eetl ~'t :at (.?3.14,'15) d~ter­

~aa t~ ~c~e ~soth~~ .~~ tb~ ~ovb!c1de cationa ~ -~ 

8~~09 ·ttt 2t1 .l~er ~lle.atQG l;f~.'tb V~in.g Churge d:~Q$tt:1~e* 

They ()be~oo tnat ~~nqua;t wa;Et p~>Onei€1 "to diq,u;a;t by all 

'ffl,<ltrt01~UlfJniiiee :bQt with va.tmi·a-ill.itoo o£ b..L:,Shar ¢barg\t den~t1ty,. 

·this pr~ter-enee was tlp·g:t:;.rimtlt r¢$tl.-'i_o.t~ t~ the ~ternal 

eey:at.til en~tuQe at~d a :rave.rsal \ttM tOb$;~ad £.~ t'U$ interla.v-•r 

iiliU:rfari~ t~be~re diQllf.iit ·w.ua :f)N:fa~nt.aall:y ·takett np •. ill$ -Cba~e 

oo»-t:rf.fa of tv"ln ~ti.ilna nro 3-4 l;, ~Qtt .m di(!~$ wbile it is 

7~ A0 is vuraqn~t (~3}. ·~ha· ~zoef~tioQ; to11: one. or· tl'l&· other 

Of th~ cn.t:tons tv the. l«fel' aUi(lti;~0$ \'1.0.$ ~lstt:ld to thQ seo­

·~tno ~tit-f>t b~i;tJ~ the ~i.t.rlrt;EJs on too ea.t.ion Wl.d t.nose .on 

'th0 ol.ny :in that the ct(tif.tn vmo&e eh~a& centre.s et,ul.d moat 

il:~lS' ap~cb th:a Qdaor~tton ~ttQ.foit 'GA tho tlli.IWi'nl GtUT.f'ace. 

~"lottl.d b() :p.retonea. •. :&h~tse rcsul.ta inl·:toote. that t.b.a .;a.egat.ive 
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Q-~ge. 11)!.1 t..~o l~er :.atlicate latt1ce6 oro d1Sri:r$te a.nd relat1v$l8 

ii~~ ass rproptJ~; ·~Vli(t'r ·1\7 Mwsml$ et Q'i ( 76 J aJlkl a:ra not 

am$ared uu:t as t.luggestett ·~ ooraa wo~k~a (77).l_f t~ lat't~l"· 

•.ta tb~ ·(tU:SEh thtJ. di.ft~enti,-1. ~el~tiVifQ b3' Va.rlou_s 1.69''6~ 

:a~"tio:o.tG-s· tor tlla$$· two o~gaaio ont 100$ 111~f.i not b~~ b$en. 

·O'bt.ait~. '?biJ.en and e-~rkllrs ( 74• 175) hfSVe £tt:h~hex- egteJlilOd 

tbf$ above :~ye:ts to. a ~oow~ n-wn:ll!)» at olsy· m,mi:~rul• :MS 

.soil cl~s- os. Ya:ft4!';il$ ch~g'& df!M:it:i.~e. ::n~a• "tiirkeft Obf!srve& 

Q etapl~ lin~~ ·:r~t.tt!On..<!Jhi:p bettva~n th~ t'.th~~ d®.st ty alli th• 

e:tten't o£' ,afl80:r~o~ ,o:f th~ Cli'~ie na-ttnne ~.lSA. ex<m~~ l..t: 

:raa:tr1!l'ted. :tu o.1tt:~mal ~eta t'!it.xr.f.~ea, .~11 aa: i.n. collapas4 

w:md.oul.·i:te $l~ :tflion#JJ• 

~e pflutot~iq, effect ·-~. nlfei~bt.t·i:f~, to -~l~to o.M 

~.oroor~lita.ms of -diqu:€1;t · at"1<d p~u-a't ad.oorbed ·Q:l. attf.erent 

elav ·~n~tl'a:\ · ty~a~ hnw be~n stlad.ted tw [t~ar ·ana C.~1"t.Ol'kttr• { 791 

79: •. 00,&1.} •. fh~a~ ttu:tha:!!G -ht'lW tlOta\ thn;t th'0-r!G O:Itgt.t.lii.C oa;tlo~ 

m the: t.tt\90~094 ~'t~ '9'f!tb ~llt~~tllf'1ll.~Uite CQtUlO; Olit~ti~i;.ly< 

l~~ib1t thl't 8r~h 0£ :tom1.G pl.~B St.Wb QB ~U€:tt.ii!1bar $~dliu,gs, 

(?a, ?9) or be dec«apOSGl.i by :bai.flt'®~tama {SO) ~i.l.e th&,f.;,lfe 

berbie.tdes- when tMl~orb~ o:n ~aOlini-tc onf1. •~i~M.e:ilit~l oaa. be 

ttilcwty ~l~nrJed t.o ·t~ $Ul."r011Aditl8 madiu.rtt tw:·d i;bu$ at: feot ·plEmt 

~h•r ~ii~ t:s ·~ue -to th~'.b; ~act t~la'#l ~-~Stn h~bit'!14~ eati~ 

' .. 
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a;Se~:t"t)t.io!l ii~J ~G$t:l"!ctad, 't() e:xt~~ a~ll.'i:s.® Onl.ir {52.;.?1). ft:i:&th 

<t;'1$mil~lt'ta., uowtW&~,. td:tn~4S"h int~r1a;re:~ ~et-r~tiOA oc~$. 

t:h~ e~r~t.t tXl int~ti!t\t1Qr:l 1~ limi~d n$ .Q~~:t}ltit"0, •~-<Jhang•, £or 

·the in(}J!gWJ1o t:ons, J.uitiallY pr~aoAt. 1& ¥tOt a,&1bi~ea~ lliqu.at 

F~:£toot at m~~iUontte ~s.-tnQ&e InaY• b.~-r9 be mud& av.~t­

abl~· 'to p;~ on adtlt\ioa to the .Slfstet!l l:~&,s or~i(a oattOnAJ 

:tike· ~(4-py~d31) p;yr.idymna :tolASi ~able ox 0:1.t.iplaeift#; tb& 

aaeo~b_ed b$rbi:<d~~ (71),.. 

~te nee~tt¢:n Cl.I~\cte·.~!sti.ca· of the v~riO\l4lJ r.mtlpl~$ 

ot :the: herb1cid~ qompl~x~s ~h0\V$d marked difi'ereiteeG Md aprJUt""' 

~:A;t-11 tb$~· hns uot ~~n ltflt\rU.mitN about 'the dtapl~~Hnt: ·o£ 
I , 

-tb.-e herb!e!ite .fr~m th:a ttt1$~l'imd u~ •. ~hnd~bttrk ot 8l (.a •. 

am) ahGwefi ttv.lt ~~tion. ~£ adS()rbad: pam(}!J.6t a.'l.d lfliq11nt bY' a 

'0atnr.at.~ aolutio.El ·of ~~1~1l !tltla did 4<l.t df.h,Ul"" ·mtb mont­

~ortll®ita: ·~r ;b~-<t:Oni 't~ ntt,.~,Otlgh t t diil wit~ a ooit BMJple 

a'-ltl w~tn .ta()l.~~. lft;ebar ~;.<t ~ottt .( 1B.) li'·~ ,thr.1t tb.Q aaaore-~ 
. h~rbio.Ue dot!ltl b~ d 1$.Plne~ i3tolil ~lir.U.~ ~ 1 (ii) ~iu.:n 

· '~b:t(u,:tcl~~ :~~gV'{l!1J'• D~n ~Jd ~o.~10rk'~ ·{MJ :r~i)ort.~Pd tht£t so• 
·, 

die~lac~~~.r..t :Q~ .ti.Jt~uat t~~ nv~u.'f.'t-.rtllo~w ~e poootble flbtn 

r:~nr solu't:~ cf' 1: !Ol~ t'lilH ueed Alt!l the el.atltins ageA.t• lt 

s~ems likill.V t..~"l't· ·•on1e o-,f'· tbooe di.t.t~0.ilQ<aa it; b$h.a.v:1~r l".tOO!'e 

dttG'- to di±~arenoae. ·tn ~Ofi(Man.t.~ti~l o.t the ca~ion -au.(} the d'tilllt 

to v!ti~h the claya werfJ _Mt"'~~ted with- too h~rb1cid.4'• 

~a.lqnori ~ b.daelli ( a5:J ~tlmp;~ the rel.ati~v-e 
' 

""~~-:"'!.-~t-. _·"--"""'"'~ ........,.._ ·.""' ·. ""'· · ""'.. _F_.a:r< • _ ~!. -, _4 _ tv'+ '"" ;2+ tx·.,.;Si-.., ~ "~ · . n~ ~'~ .. . li ~ • ~~ ........ 4'¥~ ........................ .un';l:,. >::4-t .,C.;a' ., ·'~ Y.~\ ;i;il.Q; ~ .. ,.:..- ra.~.eafib.Ag paruq;ua:u 



11~1oue1" adtl1o~ett on .f:l. v~ 61£f'er~nt Ql:ay min$m:l!i. et· v~t_. 

~naen~ttona~ x.+ tu1il a~ w~,, 1~ Ben.~1.- ~- -~f''$e'tlve ~ 
th~ otbf<I~ ~ti~ e\11-tfiG:tlt but n6 pat-aQ.~• wa~ ~1~~~ e,s 

U.t!lJ G~e·~t~1tt- %)'£1 th,~ cl~ 1:~ :t,~l;O~- ~- ~er"t~ 1L~1i .. atoll 

-~ied ~~~:Weably m th 'the• t_u~, cflt t_M· x~tn£i¥:ml• ~he ~el:~ 

;tJf' d.iqUt~t. llAd p~aqua~ fr~ ~otle ·tw'· atS~aJ!llon.e llfl{a ~?e• 

ua~a by ~~t~lt'* \f;~k m1d ~~liS- (&ll to ii~!tle two d0gl.'~~ 

-Gf att~o~~1~rtn ·to f'J~ll.• it' lo~ c~n~•'t'i~$-. (lompl~~ dtas~­
lii- at u~~ herb:te.lile: i~ J)~tliill~- ~1 ~l.:ltl' wttil1S ~} R~o4 
(~i~'b.t1l' b~tl..a ilWb.ifdit~U)• A1! tb,$ ~~CM~~tiOA inC%!~-5$$* 

$ i1?~t't~j, ~I: th~ d.!~u-at _a_ ~~t;at e~ ill$ tt~o:rb~ by 1~~ 

·1M m~i\ :~S:~:ea~· a~Odtttrt ~hlt'f~.i(i~ ( ~l:"$~ly -~ttj_.. ~\t' high 
. . 

l~al-e~: tl:tt3 u.~tbOU~li he-rtz;:tet~~- ~~ b~ t~aebe.d \11th. \w~t$l·~ ~nfl. 

~~l;f,ltton of tne birili:fi\~ .et~~~lstb .Qf ttw-. ~bi(;t~e 1fitb ~tn: 

t\Vtd.l.Q-bi"Ltty t,o p~~ b~$· ~aA ~;poxr:tOO; ~ ~d.a&11:1. ana 
~ell! (a7)9, C~biA,. Up:~~~ M~ 3;;}1~ (SS:) s~t'lil that 

tit~ ·p~'tOJt!t?r {ett 41-qtta'ti ~a ~~W.ll!lt · m ntstlli ·OJ:o~i<) aotl:a 

dee~oofl ~he"n ·:the .pi: ~as· :lncrs~~eti·· 
' ' 

~tfi:a atht~ti~ ~· ~~~tt• .\le~vi~w at 41quat ~.« 

<p~tt~t ~- -~tsht eili~ao~ ·$Gi1s O'.t t1UA-t• t~ Gtt'tdf;.~\1 qv 
~~~~a, -~lt.Wtt\tta (S9l. ~>aJi -~$-Wd; that: ·tb~ strepti- tla~ 

?171J tne h'9~b1eitlea ®n!in~~ q~~t~ ~l fiitch th~ l!in~~~ t>o};'m. o:t 

·:oon.~~i~ · ~q~~t-i~~». $uti :1,$-tt~: thn..~ l .. fh~~- e®~ :ani $qt $1@ pe:r ~t 
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,~ 'St.ie -a~~b~ U»'~i-~ ~atio~ Cf.}ttld ~ ~~oo- wt.th wa'"-~ 

~-~ l(M)~~2 lt€11SP~i;vel3'~ ~e~rl.{ tha tact t!la.t the ariut1an-& 

-~~ he»bi~it!4J l'Q~~ ~~t the _'m~tlec~a~iV$ ~t~aetion wtth 

tC ¥.!!) k\l'la $~>11J:.tit)l1 a~rl1 ~u,l\il$ ·tb.e. .a.MJ -tne-a ot tho 00i1e 

n:s'fld ted ~e au:tb.~s tt) a~$~"t thtlt tbe!l- adtJt»~tton: · tJJ:f 'tl\~a• 

,o~gMie :®t:tnx~a ~~ro:t:vce$ two llieo~U\ntt,h 

Ono ~£ tb~~ ts tl~~t .fo.e t:be -~&rJ ~g1oa ~10 otn~r 

tB it,()m!wmt ~Qll4 t:tmt •s$;on. tf~mn:- and acot-t \YS) re~~ted 

that ~- 'than &Wtj ot tb.:Q; ~d~bt;!4 ~~lat2+ o~ ~t2\va~ 
~Qt;maed, £~~:i'ii 1ts ~a~~~va ~ll~lr..t$ with mo.nttuo~Ulollito ·by 

~' aclngJ~~ ~~l'liJ.\ .. ~.nff! ~th ~v-~~-~ly fi-v~ ~-~ ot 
h •"" 5· #,.lf.'l. ..,;;:t..."l.~-~ - '1h,...f)•"' ·· · -~ · + '"' Bot ,,-,:_ .. 2+ w+ ·ii'L .. ""k '<>~'.,Jj .- ~'It$ ,.~ .. u .. ~V....v~~~e. '$qj.~~l>~ll\l -@-.&;; . _ ''J ""~ •'it· ru\fr. ~ ~ .... -~ '!...-'\d. ·v.u$ 

r)l~J~ il~l'lt: ur!lt~ '?.Ofo: ,1~1~ ~~~b~ t~am th~- cilr.r~s:t~~nil~ v-e-m1-

·~.4.i,t®o ~~~!l.'tilX~s-. ~~ ft@'t1J:(\:t ~~f!GJ?tjJ')~l ~~}~ad; ~lepS!da• 0A 

t~~ J.t~(t ~ ~aet~t~ ~$~' ~~~~ 111 'the-~~ _ca2>A:t1 ). 

~-2+>~+ £$~ ~~$-l'fi'~, lliftcaw:.te~ -.~· ~- :(~l~ iilf aP..d :Ml1De 

ill.: int~~~~ 1l-~a1J1G4 Qt1 .!At~lay~" a~~ee-s.,_ .t:'l)g~he;r 

w&tb ~i-tt~ m at®1t,tt; ·Ct-t ~~31'tt0A. • ·~~ •. ~lag-ee in 

tJle m\~~,.~ ~a;;;tl., w~ ~vole~ut •by it~ ,®d \l$~l: (tle) to 
' ' . 

~t)o--.m;t t~ 'th~e ~e"Qti~nv~ »~f>a. ~at. (a4) lk'i.~~' n1eo 

h\'l--.... • .-3 eit!l~"'-'11'> a 4 .,.tem't>"'f:·€:!ia b$~·-l!l!o-a -~t~"'''""-'f~·t·""" .. ~-~- --.... .= .. "'~----" ;e. M~"~w!Ji; . ..'Vik~.:u;i: ~~ ... -...., . ¥~-.1 ... _.'~5)\Q ....... =-... ~'i;.f;t;,~. V~Uy ~- ""'li;llo!li'ft"" 

~!il;~tilt. C.P'lQ~~$ 1'd1th t#;!q'th'\t ~- ~b~~ ~~'(}AS~ tO ~~i 

wi,~lt !;.(M) 1;-tll enltt't~~· -~~~ ~lt!y;,. B~i:U Mil~- (90) 



r ... 

tl>~e~:va ~tud'.ietl the intet"'.:;et.t13n of diquat ~d 1~~uat wi tl'l beat:otl!l>· 

nit~ .atld noif-0it that- -a.~- ~dnorption ~~ b0tt!~ th~ b(irb.ie1de- O$-"tiOlls 

waa very s~nait.1ve ta i.-oni:c ,e~~h var.t~t::.·on :aud t.h~ e.Aso~t1~ 

:dt-...n-re(!sed 'by 3Sr~ aa lih~ tonic. 5tre~ ·incr~aaed :tr• 0 to 6:.5 

fll;)l$a/1:1t tte• 
· Guy -at. al ( 91) htliVG ,e,tss. ~ei:i)orted t..ll~t tl~ percentage~ 

.t)£ pQr,aqu_a,"b. ~l~4$~ ~-!31- t~ b$'utonit~ etH\lPl~ by 0.1 0.:0 
. . '. . .;2+ . 2+- :2+ §·· :2+ . 3+- . . .. . . ·. ' 

sO:lutiO$ :Of, ca. ':j NS .,. ~ • #Jii ~ ill ~- L1 ~,~ . .tound :tO· be 

. ~.4, e.o:# 9.4, ·a.v-, 14~a and· 4 .• 1 ~e•p~ctiv~u. 

rse,s,t. we.ber and. ~1eed (92 J ~tu.diad the ct:7mpe~1tive 

-~dt)o~p:t$-Qu ot a:~~q-l!lat ·AAil p~aq,tw.t ~ .st:rong and· Yl):lk:. c.~tcioa 

~llteb~ ttee~~. ~d {)~n-ett that tii~t~a.t, -wa~- prei'"aN.n:tiat:t.r 

e.d~Gl"'~d OVer fl!lraqttat bi{ lR • l20 r&t.t1Jl (et~ng ae:i.d) Whil'$ 

tb$ ~'Ttal.'~~ tlff'eqt w~a n-p~-ed. 'i1.ith the :tnc - so x-aetn {w&ak acid}. 

l?te~erentu~ a®o11)tion 'tftlS att».ibute.d to tbe ~la.t.io~u.thip." 

\l:;J:tw~n ~m:rta.a&. o!t~r,a.e lie!1$i ty of tilt~ adstlrtmnts P..!ld ~tne cation 

cha~ge la.pinainga a~ well :a1fl $ta:ei~ htwranee due to the lnlkl 
si~e ()t tb·e.Be C.a\1648~ ~~~Q.re::,. W.~b~lt', ~d rul!{l &j~_A ($l3) 

~howed' ·ehat a~uilJ;.·r.w.nttP.n Wi-th d~ioni·ae~ :t:t:~te~ di6:. -~ot re®'V'3 

il0taet~'bl<~. t-.Ult)U,Il:t. :Of di~a:t o:e· :par~-u.a-t, fro~ m- 126 .reaia 

-e(li.ll;t)lft~ ~t ·~th tb:f3 nf,;rl!.ioid§)e. :w®~ C1:)1ilplot:e-:;ty t.\eeorbsd $roa 

tho ~iJ$h'l wit;n ~ t~JJ Sodiu.tn Ohl$;):t-icle :S:'filtt$10.n. 

.on -$:·. mQleoul~ S·~a.'lt$• 'th-e: phtno~~nml o:t firm ad.GOrt)tiQU 

:.1~ associarte.d with ttl$ ~pe tu:&!! ,cl1~g~ dielt~ibl!t.i~ of the 



:t)amqtm:'ti: t~ ... ~iwJ. two pmtlia$ ~inP ~t :~1tat, e'atl "'at& 

~t 'the· !u.~!n& bona· ®A ~~ ~~ e OQj)~ ~o ... 

ttl.8 ~·.a l)~~~t;ti$11~• of ft.iij»bi.OlW ~.-~UVitl•, ~hie tlat ceo.• 
~'t$Ga undt>ubt~ tae·1.Utat$s thei~ t.atera.cttoa v.~th tb.fl 

.;CJ.B.J' etn&:rat :suri"-ta$.• Pt\raqtaa.'t ta higldf' polariabU .and ita 

AOrntal. tm .. ~ dl'UV!iblt10A J;$ distc~te& tn the vi"~•'tY o£ ttte 

~aatiVtllY. ch:argd: (tl,Qy -~ 'thtls. ebu~SI ~Z-01" CO:qp,l~QS 

a5 ~ome4 (69 )., . .-l~lfQ.•t~ the ao~-1. e.ma.oabie nttrac.tioa. 

£~~·:?~quat is 1'aadilzf d:lt.lplace€1 q,urultit:ativelt ~m cattio.n: 

~bal1.g •. ~~Sid (93) UG a:tstinet ~m :dlay ~erals fhlch furthe:r 

-~ggeute 't•td~ ·Qtb~ ~artt1~A t()~~*· u adii1t:ion to eoQ\O!Ibio 

tomes. ·~ invo);vtMJ· 1.n 'ttlo p~~ clay ~tem. 

$&• lt ttppi$~ hom the· ~1• abGVa. tbt\1 Q.lthoa&tl tbe 

aasor11t;.itta ~~~m~ir:~ o£ th$ ·ll~Y1:.~ailtua b.erbt.otdea • 

tl.Uf'er&nt ~w ~~· ·~ eat;1~~ ~®a43e ~:J.n$· haw been. 

•ttrU~l~~ 1n.vaa~~t<tl& ~as v..ra:~i~nil ~·$, aimi~ •ta41ea 

on .I!apoatt~ (a a~tha'tic hi?lQtortw;,. cbl;t.l?!te and tsO.lceulaJl 

$!&¥~ alr'~ $till .lMkitlZ• !r!b'O dGSOJ?,Ptf.- ~\eri.Gtl@ 9t. the 

·ll~bi<Jlde onti:Otl tl!'~ 'th$ e«s.orbell't m.g,t:l'icea btwe alP liOt ~bflO:n 

VtA'rJ/ ~~t·~ti-cGU~ stu.diett With dlf.ft'>reu\ 1not>santc ant\. Ol-san.ic 

.ca.t!:on. ·og v~!.ng etu•• e~ge aai dln~lifh·· Our ktUllrll~• ,O.f' 

t;~ pbyalco eh.emica'l .t,iapeeta of tll& des~tton prooesaee Of· the 

~~gante tut:rbicMle ~~trion fftm the .cla:f and ft3iu. su.rt-®EaJ ·t:rf 

~sante s..o• ta ~n ~. It ·:is tu. ttd0 context thn.t an 



__ , 
:n;tt~t .~. been llrtle ln the gr.ea~~l' !nve.at:1gat1on. ·to etnd;r the 

~.ton m:« dee..,tl.on be-haviour· t:Jf par4quat on ana. ~om.· bef1to­

!tits. vemt~lt:t•• :na:,o.ntt., •. ch~or:tt\l •. iUttbel!"lite Ill • 1..20. 

r.-borllte %IW • 50 anti n»1oonlal" sieve -laX tw. mOAOValont Qd 

biv.al.~n't tllor.~() 4llft c~-ie tone ot v~,l\'!1~ si£6 -a atta". 

'-:: -~ 



A mtntber ():£ approaoh~e •. b&'tb qanli'tat.iv~ ana q;~lt~tlve, 

have been made to undt:'lreta;nd til$ equUi britt. . betwe~Jt tUl lOB . 

:®teMng~J! and. tb.~ i,QtJ.a in ttOlutitln. '94l.. A l'l~Vi~W Of_ c~'!rl.Qll. 

•nha:u.ga eqaatione as- the~ ~a bai.ng ~ed in, ~o:il.s :rt!!;d in ~-t.~~ 

$~Cbe~re bas b~u don.e b7 Bolt (93.) arut ~9U'it?Gri..<th (96) en.d 

tb.e1r !tlltllteabilLty to so11e disCU$e~d tv :ia;boook (~? J,. 

~~p:er:t~~nts \iette ~l"tnl.'laed, in wh:!.o~ the 1<:lnto concantrat:to~ 

w~ra ~r~~a -ana ttu11 ~~slllt t~ugg~tetl an . exp.o~ntta.l ~e:l.atJ~~~ 

$hlp oo~~l~ :tn~ tons, o.d:aol'r-b$'1 tor· desar~) a.ntl th& eon~t~a­

t:ton o.t tt\t'il' ~1ang1~ iOJl$•- Liidttttio;u.s haVE~' b~e.n 1tao1tJ..,y 

af.'le~S~pt-~tt in most -thematj.:Qal tr~a.~en:t3 ot exehar4~o ~et\Ctiou. 

IJ!hu.a (A) the· simnltan~s. ~cnttl?»·$4~'0 ot boiib oatton. ®d 

e;J.liOA -~~e~ l!'eaettons !4 $ g1v-~ sy-silem bas ~e~. co~s-id•~~l 

a$ a ~ oa~t~~., (EJ th'$ e~bange cap-acit.y .o£ the cation. of-

anion a:&dlsngel" boo· been aftsnmed 'tQ· be oo~tant. tllo.u~ OQ-se.a 

$..~ knovm, li~leb the exohan.ge (japactty ~~-- ~kedt'i with t'tle 

change in tM and _the natux-$ ot 1he ,._.ollan;s.11lg ioa (e) simple 

,stot#l'd.oni~r:!c ~u.tvaton.ea ·between the ions taken. U.P and ral;.eaed 

i$· .gen.G:rauy a$aam.aa to be l)l!Bitiru.t.t,. dtlriati~ at'(t- '.1-nlb" 

~plaine« ~n te~ o:t ei-mttl~eons ·adBOl'rJ\1014 and .f.o~at!.on. ot 
contple-x io[lf!• a~ '») £imlty th0.: pertec• r-evat:"aib!U:t,v a$ts 

'la au ¢te~e p~ttas Ull.-ie11 c~nai.~~t.ion:-. 



,On this b~ia., va.~tntls .t:Ort1ttlati:OtiS s1tail.t.t~ ·to lb.uead110h 

u.Jld ~~t:f'•:a .afis~v,ton ~w:z.tiGl1S (it?Otbem.) were pNpOeed. 

~G :@~-®tllich ~Ut!1;if.t'A iS ~ar.1~1 and tUl~l be ~tJl?G$3~ 0.1t 

~here 'i""' 1~s t~ a~'t of atl~Ql:'-~te 't~~!l .~ bt '·tt• gm ·or 
adat!!"bet1t., •k:' llQ;d •a' ~ttf3 oo.ae.~t$ ·.nnd •{}' 1a tho· adaorl:lat• 

QMcen:tl'at!iM in. ~O.ttt~i<>A at ·equ.ilJ.,.1Uf4• 

rto2.~1! ($-6) t"J.&ad thia 4lqt~tto.n. in 1912 •. lht this eqwt­

t:$rln baa two limitattoruh (!) it do• ntJ.'t tlatten au.t at hiilOOr 

vnltt.*~ ~ ''O • ae a system of a it~ ~%Ch~gfl c:a,paai t:v ~hOllld • 
aad \11) :i-t Sh&wa tb:at 'th$.< ~chan.~ varies with 'V"a!"in'ti<ln ot 
~el. vd!u•·• 't'i~ aa W81gtit.ir (96) aitlj\J~G(l ·that t h:$ :&lo~ti~ 

ot ~tuilib:emm w~ in.d~p.@d*'nt (}.f' Vf)lume. ~1aigner a1td ;;~ .( 99), 

b;~6r• tn ~~gt;·· ~otaQ the s.et'ond Ob3eot.t 11n aJi1 m~t:ty·in$ 

· ttm ·(lf.;J.uation afil 

~.l.tta 'the "Wl~L~at+a ~aa;~cv.a'r (¢ t!?lO' ~~~~~~ ~o~vl):t>a;t.mt .~ 

~M'li$ ~tte:t.rio~,.. ~ ~l ~~1t\:}nt . .1-a ~tan cbt«rl.:ciad w1th \liXllGrL• 

'~trtcal ilata co·~l'l! a 11f:ii:t~; .~.~~~· acwev'&~., ~aMl.l. (.tOO), 



)--

.~ :SllOW4 tha.~ ;t_-t- was- rmp~~"iG~ d ~if'll.~ta ·-~t btat A vax~i~ 
a 

e~ie~lJ'• 

:!he :r~· iaoth~;t.~ ia. ~t.$ed nn a:Omm tun.~,i~ ~ 

th0ftl-Odyn.tatd.e pJtiueipoles nQ.fl, was ti~l.Oped to doocr.tbe 'the 

_:r;t6;aorptii)a Of' ga!Jas oato shl.ids. l't as~Hlmiltf that on1.3" mono­

ml8et'il.e adsorption. tnke$ plao.~ tha:t -ad:So~ion-.i~ on tocattvett 

Si.te$• tha-t 't~~ a~ no mt~rt.iotioJas ~ltt.,aEn, adaorlJ!\te~ mnle­

·oul.es and tha:t the heat: at ad:~0trpt!;.fJJl 1e idepe11~~t .'0£ su1'!a~e 

cov-erage. \~tum V' is th'O equill:bt:-!ua ~·ol\l$8 of · the ca.a adsorb.$'~. 

v.~ ... w •. ir 
....,..,...u_...,.....-,. 
l-i"Q 

vih~ra ·~ " :a ·OOil;~t~t 4ep-e~,a:At ·().'4 ~$~!;)~:ira.t~e}t tUld Ya is tao 

vta..rU!f! Of'' 'tb~· ~e ~~ulr-ot.\ ~o gt vo t~AOl~~ cove~ ot l.Ud.' 

ana$G ()£. ai~rbent.. i1hml ap:pl1li8d to Qdao.r~t:t&u. tro;a eol'.u~i CAf 

'Ch1G -eq®ti"a ~- t.fl..il i'~~ (!!.(}1,) 

(x/mdm&U .• , x:. o 
. 1 ' - ............. ~ .. 

~.-t-K• ~ 

'lr~he:tre -•j(• ;ts. ·tb,li), -ouwt ·'l!lr ~ -itd;0 ~thi~'&l"bei tv lll:it,SS •m • of 

aistirbent4' I) a• lt~ t'Jl9 ~w.ttd:.t.iJ~t~m.m ~Bl,1l-iliGn concentration.. 'K' 
is: ~ r:&M'«tz;tt, t\~ (.__,tiio.ir},.,_.. .. '<l!' t~ tb.(3f fa.~P~1.~1'~l" 9~P,it.C!t:r.,. 

m·-



It 

I -[ .· ... (JY'rn) - . 
, ' ' . 

~Q ~- 1)~0't ~ 1/ol!/8 Vt}.-dt~ .. 'i/C- a1ienltl ~ve -a~~-; line ad a 

SclOpa Oi: ·"'?iz;,. . ~.n fi~. -~i!r r'&lttti.O~p l\Ol$t 000d.-·.- ~\~m;,,_· ,, 
' ·$1~1:1~ 't.Wll~ o-f $l'tl~td;~~ 't:(\; th:~ L&t.\~1.11* ~- 1fl,t,b: ,_ 

~~~tt~rd~~ Wii~. lt\~l(l$:ea tw" Y~l:~~ (loa. to~lJ •· 

sa 
~-:t~~- I·· a+\l . 

. ~p:pl.iotl't:io~ · ot 'the ~~il'•a adeiO~il!Ott ~~tton to· eatt __ 

·:e•ha~.l'i~ in sO.ila \~ in!ttiftt'~t!l: by Vage1~r (2Ji2) ia :193~• liie 

~qu~tt.oa nPP~s io ·1» • e~ai:JOU.~ atte~t. 1hl r..t~.te the 

Ji~~~~ttir -~t~tiO!l i.ll. 't$.rtAa. ot a~.!Ue 1JZ t.htJ <mti• ~t'hld- to 

t~tlt ~mt.~~ ~tb~~ if~. it111 {;t't.tlfl'®'.~'T$Jii:OA ·:af •~nili~~'t» .. It 

-~~~ tlG\ ~~~ ~t -~ ~b~ tb;e ~~io at tlla t.:o1!'R~ ~~.nt baok~ 

't(~ ~~~~ ~~~-ts ts olDa~ to t.Ud!atiJr ~• $. ~•t~e,~t: lf! . 

a:e<lept.R'b:t•. a~ ·iJJi ~U ath;Jr -~~ tt ~-dO~ :~'>'& ~~a~ '!!) ~- . 
~-tia}. 



--~ . , 

J\iai.iile :r~om 'Jmtel.er•:! >0.1;tttati~, tb:e. ~p1-~l ~11.' 

~u.a>tton is tu i'ta a11'1l-pl.t$W to~ ~lesa 1:oJ: cuti<n uehsmge, 

a.a ·tt ao~s n.OlJ ·trutft mto C(:ln.fJ!derat;i~ the compa-ti t 10.u be-twQen 

tile er.ttiOU!<i apa('d~s.. OAe may• h<r11~ve~. ilt~I'{'~ttnoe thia comp•tt­

tion etfa:ct into the !Am~ulr :eq~tion :rAtb~r- .e:J.mpl.r b1 uaing 

g~*tl (tOil nAtl &apoa' o (106). equ.a"tions as a s'tar'tin& po!rlt 

(9J.i). uowevar, ahonl.d ·sa ion-~ae mecl'l.~tn~ ·predoatnate 1a 

tttG adeorpt:ion ,roeeas, 'the linea~ :f\'ltrme ot tne r~~u'ir an-a, 

~lioh «Juat:tooe woulll not be -ObtWad b~cauae or tOul.O!tibi.O 

et"!feets m the a.ds~ban:t .• ~-e,. i.a ~eor,y at leaat,. it 1• 

t'ODible t() tlistl;Qguish 1\\" ~ru:t$ at i.lif'fel"Qut iaoth$<~ Oiltl1J;'ti:ottii 

hlweEm. 1tm:1c ·tm.d othe·l- ~mmis• <O.t ads~ption (106). 

1lbe 1 on q,e!':k."U'lg~ .tormu.l..a~iona ~e u.au.allY ~~-eft o.tt 

three tbaal':1e.& i..e •. (i) er,vstallatti;e~ ·th$(tl? (1iJ ddu.ble 

i~er th~{l}ty and (iii) nonan tl$~~ ~Oi'.V (107) •. ~~o o'JJ.l;y 

dit·rerencmia in t h~> varioutJ ti'U'lOritt·G ~ to~ pOllttio¥1 and thri 

-o.r;tgtn. ·o£ eJtob.r-JAg& a:ttea-. :tn all eaaen., thi• ~1. w is essentially 

a fixa~l,. noA.~1f£@;tbl.e. iol.llc ~u;~i.ng capabll!l 0'£ ro~ns 94 

~l.ecU>oacta-tio ooad wi·ttl a. small. tltttu.aible ion ot ogpo~i tQ . 

~4&• !he Qasa With whiob this J.e;tter iou ~ be replac~ 

d~~n:da o.a iih.o auon~h ot the 'OOlid• which 'Va.riea in a =anne:• 

$1.m.lar to the d1~aatiO"t~. ot wGflk fiU'td a'trn~~g el•ctl!Olytea., 

!he• laws gov.er:d.r~; tile exchrulge ·ot 1o-na in 'tJw se hetroseneowa 
ayst:ens 91"!& analogoa.•· to 'tlm laW$ goverll!~. tne SOlutions ot 
~lootrol_;,tee • 



J~ (108) eQ.viaagtJd a k~$tiC tlOAlltion • ~ ·•~ut~ 

~ d$riVetl .:&O'!t etatteti.e.al n.pproacn the eq;aatioa bolow •. 

w + ( S + N.) ± .)s + N)2.- 4 S N (1- 4t ) 
120-~) 

wber& l'i· • a~~ of onti.ona ~cbnnge\1 at ~u11.1~ 

·~ • aunt~ Of cntton..s add~ itdti~ 

{S • ·•~ttt~ttcn cap~J:W. 

.and if :-. ~· # G~tatl.1;f) tOt: ~ itlJl• 

:lt-o;r· ·~12dJ.~· ,~ebiM1.p p~~iea -~ i!h~ll ·twtJt '~.JJhw~'in:& $i~na, 

'~e ~~~~, ~~:tJAltt u~~.., .'t;o. · 

a 
"""~-....,.. "' B+if 

!l\t1:1•1\<h. u quit& a.tlclmrt- t.r» t~'t ot· -.!t4i.·~ (l(W.. • 10':1). • 

.. ~ ·ra~r~ 'l~fm~~l ii;J~G\;\CtCt "'~~ mt'l(~Qi&3; by }')!j.v.ifa· ,(.3.0£} .1~0 I 

.a ~r,rplt:~ tG ~~nn.e~ 011 mru 0'1.~ - Kme~~~,ar- ana 

'Ov~~t '(,1111. u~,!:~ o~!Si{la:rroil th~· ~o~bUity of replA-ce• 

·t'.Hmt: r~£· •ti;=s ~tb dii'f~~t ~ancy ~n a.. l:'Ci'~lf.tr ~!fff/1 ot 
~$~'\1~ ·~l.l:blt~ ehi!r6ruJ !i$. ~'~~Alai! t& ,• :11)-r~~e$~1; ·on the" ,exohnnger 

e~A¢6• Jilth.~}• ~v~.. 1~i~'l:.t4Jt: 'tbat: ~ t~t!~t abOu.ld 

~~!$ t:~ liti mon.itll-!!f~ i:r.t t.n~: tlld.l~~ il~ et. tn1.1 wa~d ~ $\Qh 



--J 

au:ri'~ ohflt-ge J;s ba'inS Qouomp.mlieit -. ;G® ootut:te~- charge QJd.y 

1n the mta6r.bed l.n1~•- it. ap.p~ra ·tb~t; othe.r aesuQP"tiOI.l8 lnheant 

itt the trc..oatme-nt Q\llt: ~g; absaee ·o£ aQiOns., pl"tlbabU.tty ~ 

~l;l;nctnli'o}Jtt bei'ng 'lm'$'d on a :pgu;~ ~...v (it the p·hitloa 

a~b.l.EJ fol: tM· ~. ~ii- -~~tetl ~r tf on.tJ coa$1-d.-a -. 

m~loyat' !A a n~• :ue•~-• 1-.e. l~nlt~ei ;flt(')ilOlaJ~l'·· 

'J!hi~J ftf'at ttEiJe rJt the law. of :maea aet::tou :J.s f~la1;1ng 

1o.n, g-oh$,uge .as: t&. f.M'.t'IIplete:ts nvenible, lt•®1o.n iiQS ~o :tu 
GKmaaen (US) -~ Kee (104) .• lnv~!g~:ttng spao1t't.c ma• anton 

~uat.toAS· tor unt-· u.54va\~nt and~- bivelont ~cda~a a. 

·fhe- -~'ll'· inilicn'tec tb.EJ· iOn UL thtl -~~ phtt$Eh; t.f_ha. :COnStanta 

Its illld K;a am- te~ as sel.t,e-tiv1t,v. ~n~te. !$.e i«m.to­

·tc~s- re~euhftt e~ui.h'b'.t"iu.m 4~ntmion 1n ·sO-l111i1Ql. Bn'l 

ow:a.ng to the· laolt Of knOi"lled~ abc.ttt t~e ae:tivt:tiea -of til$ i.oAto 

apac:too ta <:ene ~~e-r ,ttaa~ •. 'hu eii:dU~num oons.tun-t oQaltl 

~1¥ ·bf)- $Vll.lnatetl qs..$\!.tatlvelS Q~ •Plr!.o$411,• ~maa (11$) 

and .~gu;r (1.14) lKJinted. Qu,'t 1he- attti.e><ll.ttes in te~ -o.r aweu· 

.ing· ana wrume c~ p.artl.enlarl.7 o£ 1he r•ii.l.8• Wile model 



itltrOt\u.()ed ~ Gl,"it~ (_U4)· a\ t:ho~ ·t~~Qt13~o4<l~lt,17' 1:•-aa 

•11-ee~Uhed.~ :~ o~'t el~)~ "tl» p~$1ca1 ~$1~ r;~· 

the ~wall.lng ~res.eure. A awe ·~go~ tl:PPlil.ca.tiQ.tl ot the taw 

a.t ~ aetion he been r~e ·b.y lkt;rd ~ co-wor.kere (ilfi) 

~ VJh!.ch th•· r.tsol.ttt nolutionlf ltl.Em o'f l'~l$e'l.QW (11&} baa ·~ 

tha· basi~ ·OQ;. tbtl ~-~ti.oa thait t M lflll.· ex()hwa.go 1• o fl'a6ltd 

soltt"h!.Qnu l)ro(u.Ju.s. Vanselow.,. vt:®~a:t~~ tb$ mOn.olli\Y t~r· aa an 
ittenl: two f.l!tantmional ~3·Ud SQJ.,ut.i~. o.ssamas the ae'ti.:v.!t:tes 

o.t the "twtt e:telmngel1 ~om.poft~ttte t~ he ~Q'ftio.ruil. to their 

~:~f.i~~.~et1:~r6l :~ata'9· • ta,;urt•ions., 
-------~~,..-.. _....~..--~-.... . . 

,tn 't"h$1 abov. ;ttoo."~a')lJion:a.- all the: ~xchMp il.iwtt ~e 

\ 

fl•~att to W ~ ceq~ ·~a., ~irt$ ~ega...~iag ti:d.G* ~ fift't 

ei~rs wc.Pr~-aet by u~~~ \.11.'1 J. ~ Mil cA);~()~ifi.:.'B• m ·oriler 

t:o ~£l.Lum e=~ u.tt ~d.ll~ ex:J:A~.tlie~t~ &?.r.;a, t~ p~®.ill:@l~ttld th• 

~$t~oo ·u.t l~aitl.Y _.& :fL.~- ·bt14~ 1o~ ortn. tlfte ~$ut-t'llll.-. ot 

~ · a:t-tm-~. ~f'J~"JS1l't'~ Wtt.:t!lU'1ltt t!J.·$ w.JOtJ$$'-$ i~};f$:cmatiea ~ca;ed1ll3 

· 'thf:t &urtt,\Q$. ch£1r~~r!$tictl tY.t the »111<-"1\\'t~.$ Wi:~iet.L ~"841br used 

f{):c tttla' if~~ •. 11& batt w Ui'VO'lte. the: 1¢le~ ~t the e=1.t~~4'IQ Qf 

m!•ropor.@a" eclgtlt:l Md ell(l)amges. A ~lie dl.Ottld be ~e hero 

DA the nsau.~~a ~.t'aib!ttty ot tne eiwttange reactton •. '!bilr~ 1a 

e:vtaen.ce ~ba~ oe~~'!A tl'Xchenge 1'·tmC"ti.tJAs a~~ . i.nc()t'trfil$'t&ltv 

l'~~s.1bla .• ~be Cbvions. ~m;pl.Q: of ·•~h a $,YstGin i.G the· adso~tiOA 

o~ potass.:tum ·tv C01"tain olQy r.ntn~nl.i!t-• ~eft etorl.e .taetora-



' ~: ·_ 

i~eno& 1;llO re1u't1v" -af.~!iltty ~~ t~ olQJ ff;r· aif:l~ent cnt:tona, 

itilloh ®81$SS1t~tea 'th~ %'4J:(lOC-tiOA o:t a~~ -Of $$;'t~ itltb 

_8.tff'0rent ~~t!VG aftintt_v (U.a. 119). :fh\1 tact that nf'tea ttte 

tldio.uto o·omtr~~m t1o-.n, in t~ 1t.tflu~es t-Gse -'Storie factors 

(b? a V~1n3 4~ of COllapse at -tb"$ o~tetall.ntttc&l eufPli:b 

~· C"~ms1.:.tt~bl:e dt'll~ :tlf tt.r-ste'r~si~- in. ~~:c~ roaqt1one t.nvl11~ 

vmg- L-tt-nl.attt.Wa attaa.-

Atlifl~~ta- to UA<1~~t.®-d 10A ~~- ~~~ti-na~ -<l:il the-

basi~* ot ~:en;t~!oat dotlbl.Q l91er., as po:$t~t:oo b9' -r:~~aee (1-20-) 

:vt~l-ds n.o- ®a..bt (i.Wlll:tativt;l reault$ but. th<a (t~e~t iA ~­

~~#lJ~cts!r- eMf~~ better ~i:th fltr~ervtit-iona. i!Q -~ two­

<:et:tng~i- ot exehangeablG' ton.a, 'thtJ o.emot!eally ao't1ve ~ou 

~hkb e~titn- the mobile ~t: ot ·ttte &'ir.t:t>le layer and oeraot·:t­

<"fAlY illa~tlVe 01;1-&S -COMtltu;t!ug th$. ialtiObUe ~~rt Of -the- dOJ.lblG: 

~er. ~-ti.be r~t1one~p ot cryatnl.lttla et:rnctu1."e tiE ctay-. m:th 

tJlal~ ~l(!jtltl:'O..chemt•l p~~:di.es $111 :f.:O& :f:>.$lbru1GO -C~-ote'l!'1P­

t1• hn-s ~u etna~ wtth tum~lltat details :\:t( ~iutthe~:ee u:na 

Mtt:ra <m.) •. ~it• ani ll.'tl.tgeli {l22l., Gans\11.1 an_a ifatm~r3co (,12.3) 

(tntl Ohali:~4Vtllftl tl24}.. 

~ever., -lQ a mf.l:r~ iletai-lea stu~ of the •xchqe boh4V101U" 

o'l. soil ~-uris\$,- 'ttr~ mono.ltly&t" '$<hiQl aqumtiona ao ~ ot£:u 

~t:h !lQ!Is~tivG :t"D~ ::I.nt~l:r;'t'tatatt'\Jil -u.sage~. ~ shol.\la ~ ra'the:r 
QS~.- ·tne, th&MGdf.~o mat.nod o:t f}l.!osen:talt<'JA a:G st~od tv 
~am~s {~ll4 rato:mae (120.,126)~ :fho· moat p~~ mtldC. ror tb• 



-
·""'-"ilh!i..:.. 
~ 

~~:e-ipti-., ,Of ds~1tton oa {,tl(te~al ~t-a6\$$ ~~~~•.- h~, 

itO ~ a. at$U~ -\lbl@ ~'U0# t;lp~~- ~~ ~itb J.blee d 

utioil .£or t'·~· h~al~-.t ea~e ,l\1 ·ua.~d at .~ (121 i aud tt.l~ho 

tl4•ati.tl-e$ tv· ~bll.~er~ ·awl Kfti2ip~ (126.1291• ;~:Gastoa ot tbi,.a 

m~~ to h(lt~•t ~cba~ 111111 :tm·~ease f.'ts oQ'JlplQd.t; eoa­

a1de-rati1,&~,. q 1.illtl! th~ ~-ctt.~ {)t tb.:\11 mal:tivalGAt i.or.w 11\ tilt 

-~ ~·--uti ~'t ln • ate:=-a lu8ft will depend ·fJJ.\·11le 

VtdMO:Y•· fit~ ~ont~bn.tion ot Bhatnberg ~ t•p.er (126.129):- it 

~Qt ~ i~t s-tt an ett•s to '$Gt-te ~- ta~tu..a• o£ 'the 

p~:tt ..,, ~t;!(Jlit ~out.tm~tr~ OA ·•• -~itt of' 'tbe pbye!Dtll gt:Op~ 

iii$$ ~- ~ -ii:~ftei !md i)~G'Ei;D,t$ a£\ =p~nn.t et4~tfOl?W.~ 1:tt 't}UJ 

l~l~~ -~ 8dlltq -~&!;~~~~ -~~~ 'tM -t\tre ·of· tbe_ catt.oa 

ua~~ ~~hi-~ ~~ c~ nyil~0•·• 

tJiti:Ae.,l~e.t~til.l~ ~•~• ~£ta ~~;.a;) ~~-~ ~ ot•• (1~. 

111·.132) ~~ -~ f.Qmttla't!~~ ~£ 1011 ~¥'.0~•&-e ~t.~iW!a OA u 

lfla~.:'~&· -~ ~tWti1fi\u~-ic'i~ ~aat~ ~~? 1~~$S..~ •$t n•£"' 
•" ~\ta;l~~ 1,~ ~ ,t1e:!,~ .Q,t ~~-tra.tcil U01'!iiti~ ('~£ $1~-

~ll•t~t(JJ.:1't~.f M\\ ·'l~lail:1.e•. WJS~1 .. 1#1.f(~t pOO'~g:e:teo<t:tOJ.3te ~olu• 

})1~"1 ulllti~k ~~ •~ fitlfl)~ by .~~-f/). {l.a3)• ~aloha~ (114) 

~f&;tt f1.Ul~ .• 

In th~ P~Mntc -thea!.$.-· aQ ~'tt$1p't ~ been. made -to £1• 

th9· ,m.d~Q!'gli.~ d~&t'Q ot :Q~ll~t' mt ~t:Oni''t$_, v~lenUte. 

ir:hMn-t•.,, ~~i;t:-.ilj ·~~,J~a -e•h•e• ~~~~ ~ ~~ta~ sie'Vfl 



)-. 

Ill-

ttl -thQ: Lnu.smutr equs.t-ion.- aU,d. the doail:tr:L>tion data ot th& ~er:b101de 

oatiorl (,r.,ara.quat2i ~m ita -~O$tlilC'tt11Q ad.eo:rbe~:t ~mpl.uea }W 

mnm.vatent ad -bivalen-t inorganic to.na: in 'h motiol -of llmtlez 

(135.). 

D,·,ml~-·-e- 1100.~'1 A\ 
W~~OCSJ£- •. ~~ 

Pau.l.(t7 ha~ :tate;r~rat~ll ~eoti"S:tl;0;~ tn i'Oll ;,mo~ 

~:tni.lib%'1~ ~the 1~~~ o£ a vrlPfl aimpl~ modiJl .. Its f)$ac­

tie.t f'Gnture is t~ e1ootrost~'tio ~tl'ae"iOI.t betl.fetm. the oOWtte .. 

tom tmd th.EJ. fixai !onte ~Ollp-8f.,, I·t ;lf$1 aGUUll104 that: oU th~­

¢~_,l::t"~'l' ·5J.o.t~ -~ ~ _ i(t!.t~. -t}i4~~§l:~~~- -~e t~·nt. .t.t' tb~t~ ~J.e'tance 
' .- - . 

· -~i. tt~~·Ht~~t- ~~~<t-~h to t,~ t::tlr.~ to~1o ~r~~-;e•- iil;til:t-t~ i!R -ana 
lm .tQ~ ·tlh~ prtln -o.t t~~ iOP..to g~pr;l Md -eoun.ter iOA!i a:t the 

41Stance- ot eln®:et ap~aoh,. lGne: c-an t1pl£t t~e ~_.,~~tl. n£ A 

-fQ~'f J!, i.t;tG twc1 :;~OEt~atM~ a 

----->7 A+ a- •• (1} 

.ft + ,S: ---->"" • 

OOtllomb'e hw. (wttktOUt M!f cOl~e~i.on) leQda ·to 'fitfi' follOWi-ng 

~sa1t·a fo~ the :~~ ~ProaceS$S• 

0 

,.6 Gt I = 

oO 

J 
2. 4 Jr> 

fiE 
0 . 

rxA 

.•• (;$) 
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--'"' .. ·~..:.J 

0 

CLs 

2. ci"YJ 5 
e2. 

7'€ 

~dte':ro. D.-~ ~ Atl; ~ -~ *OO' '~€if ~l~ges for the prtJ­

o~~s~tt (1) ~ (~). e • eleetrQnic ~ar~e., E • ~u.:~lect~io 

. ~~ut~~ -r> • rrla.t$;~ .troa ·the eenWG ·ag thf1 ttsad •rge., 
t\~ ~ -tli~~~ ~ thfil c-lo~at a:~p~aoil :betw~ counter iQ:t; •t·' 
~ !'-~~ t~rAie ~~<)Up-. EI~er lib~ i(IV4·3l';:till iW~·~ ar.\it:t~gr 'Gh~e ~f'lr 

\~ ~~tae·. $f1JI(;..'CCSS :ta 

-- AGt 
KT 

• --~·~ a% 

... {&) 
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L__.' 

For ~.4ti:val.eut iona,. 'th~ ·cal~latioA ls not ~i%:!:t~ aa 

4ltmple: b~mt aa~p:tio$ -s-t be m.aae .as t;o h&.t t\\8.; {'UAivatetAt) 

f~ :t:a•: ~$ an.(i p01~a:a~ ®.U"nrt.ariona tlre pti11rQd• ~. 

mod~ 1¢adtf quel;l.tatl vela 'tD t~ef'~reace t)f. tho ion exeb.slge:r ~# 

~nteri~.th amall~JF ao· ·vatues n.na, iU~e~ vatenqo;. 



~~ ~~l\a i~u~~t&~~~.~ w~tat""'''~~· 
MG!QM ~d -~·~iAU ~~D·I ~---- A~··~. F .ilL.J!f . - - . -

A. trn.t1· :!Jln~Gxe~~ equil.tbri"-'~ if! e:ompltateu rev~i~o 

s:ua may- lis t~pproa®ed b:Orl both 'aid$3 ot the r~ctl~ ·eql.lUtt• 

ol:Jr~ p:t».'Vitl.ad tba~ e6rta.ini QOildi t1~ are Obs'$r'V~. ~- COlldi• 

tiOWl a~~ dot~~ ·\W the .sele·c:ttvaty ot thfi ion ~lu.\n:gu 

whtoh in tum is i~t\enc~; ·l'tY ~.onnan. of£eot}:ift spf:(JifiC: i.Q;te~c-

t'!ona., static et~@f.tts, 1&11 ussOci.ation BOO. ot..\t1ar i~""".G$;lltteate~ 

~ BfJf('jet:s (108)., ~here t!\(!.a:G ~tt~t,t are lrn-ge the equilibri:Uttt 

s..~~l1 :favou~ on.e aide of tb"G reac:ti.~ SpenU"'l.c tnt $~®.tone anti ' . 

D~~ ef't'$Ciff;J ~ael;$7 de:tamim). j,Qn 'Sa1G"Ct1Vi ty in most s:.t.'tu&-

1;i()!W•· s,~itf!c :tut~etione (~g~ hyttrogen b--lina,. '\TOil fler 

1i'anle i'OF'oa&., oll;;'U'~l~ft!llt- ·t'rO.Oe&a(ia_. etta •) can produce seeon­

·~ ttdtiG~tton iuterao:tl~• on the ~GU;!X6Gvi~a ·oou.t1e IJJ the 

·wricban.za~-- ilh~ 1~cl."a..~a:~ th:0 ~fA<:-u'tiVit-.{ ot tb$ D.dso:cteut £ti'n! 

tl~ nditO:Cb$tl ion. eud. this ton. ie: tban. '~l.u p:reffJrcn'tiallq 

du$p,i:to tile p~~~~ of hi6h ooac:entra.'tioi£:s o£ cou.ntenone tn 

:s:olu,t1on (>.- i:136.50t@G). t}tex,-io- ef:tect:e ®J.&. n:leo influence r.(j'f'erai­

bil..tty.. aa avid enced ·izl i.OA-...t~ap£4~ e££~te.. ln a~~ oy·etJ~Ils 

i"Cil1~~sfrering tlf£tietS ( inel.ud.ttJg i'O~?airing, OO~l_(jXiug QO.d. 

p:recipitatton.) are !~rtant in dote~ng iWleotfv1:ty. ~~1Yc~ 

tbe ndeorban't pro:fars.t tlltl '!,Ql tiih!eb nsaOQia;tea 1eaat stro~t 



' ' 

ill :-..lttti- Mil ~i; iatrt'J~3' gt!) tttu &kH-.llet.t.t .(96),.,· Ji tlWl~ 

ot ·'l~rl:N MV(J tho~~ U41r~~t.f:il the e~~h•e p~~.lf!S 

~f 'thQ> ela¥ m~~ ~~s!"s ~d •J..:eC'!l~ slQ.,.~a md tb.•lr 

.f,$h~#t$;r1~1eu~ ~-- be'$.ll ·w$11. JJNB't.al):l.!:a~it·,.. ~h." fttllewiiV; 

gen~1i1atPi'tioue ~ ·ns ~t~:e ~~~li~g ~ t•J.il•lf ot e. catt,,.oA 

t~ $~~~~o on~ ~-ill~~ttva -:r.-~f~··· ~Ei~~··:r~.a ~ i~l!M$e. in 

-4lil~~t4'l~'fily· (aJ ~~b «e~~$1M ~a~t'etl i:Qnlc qd!it~ and 

ia.'f;l!"~&JillfJ p:ta.a~fabli.~t-7.• ('b) ~i::tl'li fi:e-ert;..~aiJ~tS eap~. 0: ;cation 

hlft!U:.j.,llitiQl~. ant ·(Q:) with .tnaz.~~itiQ' (lOrui"tel."l.on ~-· 

·11~~ :a:b:~ .o,..~·t~~:hl": b~i~l'~'\., do AO:t ~l~: t.l®i ia caa~B· 

· · ,-~~ ·sumfl 6y(!t:1t1c· t~t.~w~tiow .. t~k(! p:l~e. In aee·oor~·e: ti th 
• • ' 0 I • ·, ' 0 • 

·ft~ :ahO\W· -t.'tcaena't1CllG:ic· th\l.l ·~dw (J;f ·imt~~~i!l~ prete~e$ a% 

· ~'talt t!$J:'Ql... l~l1$ t~"'C !ou ~~h~~ Mw. ~nt:mo:rt.tno~:t. {5!J."i 

. 114 •. t37,..1:$9)• '"~Jl:1:ru1f;j~ft 'ttl') t\1~. ~li!~"ta. (~i.J. lCiJ)' :.ie 

litt ~l11_t-<,:g +<R»~ 0$+ ~ ·· tilr:J· ~~~·~p J>it mt !,e CPl'apl1~e~ b]f pllysi-

.,.,.... a . o-.......a """ ~-~ 1!riXtl . .q . . ('If 6()'\, ......-:t ~· ......... 4.!..~ i'il . ,e tTU 't ~:· . L1.~) ~1~ aus' ~;~t'i;<~~,;n. ;. .,;. ~ ':.. . ~ ·•* :· I' $..~ <&.~ili~~ti 0.£-. ~,l;j4 ·fltl. ' ';Q'£, .. 

I:<t ~a• :otJ~~rv~a tm.Jt 1m4: ~ ~ld ~,a .. st~Al$:11' ~ .. a. (162) ·~ 
. ~V.$f£ l!b· (1:6~) :• . ' 

· ~klmilarl,V tbe ~:?t~~.~~ of. it+ 1~ ttJle~ ·Ct)~liel4ted. ~aQ to 

. tts ·att~~~- ~t~ -c:~ 1.a:tt.i:iaa., '6!1J,J~g,l~1~ t~t~'tl11in:1lim or Ja~firaiua 
i~as w~1ob ~ • tak~~AJrt. ~.·by the. ~O:~;a. •$:1t~~ (164,1Ga) •.. I:t . . . . .·.· . . . 

. -cn:t.tf.l§: ~ 1~ tl~~~· O:il :M~O~ll~~:te :~.(! cl~ ·aOil,a(i4$1 .. 



+ + . + + 
~e~a ot. &;l(~ug~ on ~~o~.tllouit~ ~- .H.<Oe (14.8) •. i.<R 

~ (;a2·+ (l.ii?} tall~ .K~ il!lt~-< H ~ mtf+- (4Q}"• U~ :~E:ttii, tioa <Wh;i.~ 

.~tnia-o il:t0eo1u~ti!JA t;)f ,Ql~ 'by aC'id $t'tsclt1 tb.0 eo:ersspo.adiaa; 

ol?d~ra: •!!!e a,'~( lt!t< K + (14\f) und Btt'< tl. <: mt4. (1SZ). 2fp,.1t ·eequ~Qe 
e;t; a~ht~ngo o£ ~t~alina 0~h iOt$' Oil Qla..vs bas getlQ~11Y ·bQ911 

. · ..,.;:t . !~'fad+_, y,.Je+_,. .-~,..~<' :!7 2+_, ·n-2+ (lAA ,4 A•llt 1~n- <ILI!.4 . :"li:f,_) 
zte~O!Z"tflN>. !tit ~c."~ '~ >iii~ "~ 'liV-t· 4"#.Jf . c;;;:~&.,f .,vc- - ""'"t: •· 
~a revers$' ol'dor is somatmes fOtt~d .!n; -v~minuli tEJ (174. 1 '18,, 

l.~tJ~, For iih-$ •xch·~ o_£' ~'llva'lmt timnait101\ a~tt't.l. c~~ior.::~· .on. 
2+ ~.r .2+ ~-· 2+/ 

el..~s~ th~· rer~Ga arae~ ~t prefer.enee av&, Mn .. e:: .t'd. ~ ...r.e ' 

~rJe,2~~n2~eu.2+ (1SO), ea2t::{b{!I)$+ (a.81J and fi12+~sa2+ (17'6). 

l\. s~al.1f1attoil_ -~· be ~$ £ttota. ~ttt,tli.aa (l~tUJ~~ th& ·cdhnnge 

'()£ t!OO.Ot 6'1. ~-:\ t~:tvaten;t ~ti~na, :04 -dli\YS that tM~ i:s a. pre.­

f~nee f~ ¢~-t:i~ (}g hit:Gli'fi~ eha:r:g~. (40t· l/31;• lit,. 143, 146• 

147.,' l6o., l&J, :t.'1tr•l1ti,, 1:'61..-lw.)· al'tbongn ·tb~ra is: e-~e&p.tion· 

t{) t!lia fi~d· ln tha ·usual tfl.lAa:;"a\ pnr:poaa. catiO.n ~~rtlt­

th~ ·oel~tW..~ .$~ne.~e o..C ·the mooil c~tl. cation& is &t-t+> 
. 2+ .. 2+ ' 2+ ,. 2-t- .. 2+ ., 2+ ' 2+ . 2-t . 2:+ 2+ . + +: + 

1f:],),'-- > ~r > t1a > Si > ca >au > t10 > zn / ~ :>Uo>2 >~a> AS> os > 
. Bb+>it>.&.>S~>:L{ (167-!00)w 

tftJ;flQJt $\:d. tabl-9 ool)iS,ti~)}lU, !JiG~ (lt"8tlll.ie ea.tio.ns· at!e 

«tpa:bl.e of repl:o.ai;llS the in'terlai{~r 1Mrgarae cat.10n.a, occupying 

-~ tlitea in ibanctl!tlltt~., V€f."M;!QU!.tt:e az:td il:tit.tJ ~~t:talfll• 

'ilt~- ax-eho.~ng$ l:'.~oti~l 1u ato:t·ohio~t:no ~xoerrt tor <amttQ 

b-J;lky cat'it.:me tthatl a cova~P' .cl',t:Qt)t (50.J :~ ~wl!ate .• Sttid!ea 

oa. tho r~laoemant « :e:cci~abl"- a,Q\ti:U;m tUid ealC.iUJt :trOSJ 



I 

l 

m~~"'~llon!t:tJ blf vnrteu.a ~lkY1 amriOJ:liun ~actin~ w~ :maiie ._. 
' ;" 

~mg ~ 31 \591. ~ tounu that the ~:tfillit-.1 ·of the ,el.nt ~or 

the organte oa.tton tY~s ~$~~l:V tJ'~~t.Eld to ~leOUil~ weigD·b 

vdth t.b• ~e!rti:on '!tt th~ ~nallar ~·ethyl ~memut:l ~nlt let"gel?' 

q\lQte:~1fJ' .awaonin.m 10M• ~ae., ,tha ~~ ~7"1-G l:$n&th O"l' 1'.he· all£111 

,~l'Jlmctn:tttm eha:tn in~l'~~·, the srfl~te.P 1s the .cont:rib.ltio.r-.. ()f 

~~,ws:1cat11. ,~-e~~t~a:bio tt~~a to ai-s~t.:ton. ~!:t.h'in a 8rOU9 ot 

p~s• ~f)~~l· t?4d t:elfti~· arill:QGS, tJ1G ~fWty ot the 

$~1 &~iUil. i~ tor t~ Pl.el t\~ca\ in. tho ~1ea 11$itt> 

Btim~) 1am; .• 'Hl~ae ttift~~~~s tiWe ~lai~l in t;.~riliG ot $!.~$ 
~ad, e~a ot th~ ~ ·~• ~b.~ at: ·Ql dl·GfJ l.\$ti$1 that M i;.l$tt ~h 

·a~~ ·~~i:J.~· ~eh~u l.W'. the rilk1l a}'iltnonium ions tb~ was: oa:2+. 

l:tl $~ldi~$ 1n wtt:iah too altey'l a~.~lloatwn. icOn i:U ,_ .. ~J?le~aa bJ' &~tnt 

~a-ti~.o.a. Mo1tt·lM~ &tl ~· (191) shOWed th~t tbe ~r .i)f 

~U~'ti~~nesa 1.n h':Placillg. otb.Yl~O.nium ion \'J£?A ,ac~ca2+>l•:i+. 
:JP'u~1e:rm~e., .J(~a:l' Mtfraa'tton atu.diee· ·OR partiallY-' exclmtli~l.'f 

a~~s ~tmled ti~t th$ or(5MiC ~it i.nn,..~i~- uat:l.OD.s were ~· 
t • 

tli~'r'lbutfllil unit.·~~Y t~u:~ut a'i"l th~t awrta.?4la f1r ~nt~lio.­
!rlt$• bt!'t tba"t & e~re_g9.i;it.)ll o£ fitltji ~n k~~ o:t i®a took ~laee 

i1.J V"~iOt.t$ leY~• fr1lie Sl~est,st tha$: ·~a1l . 'the diapl&-Qi.UMA'tt C 

et11Yla~.ttm:intJ; i:On :- the mt?lt.Q1to~ ~o!f! en~ t;n-t~~ .. ~;t•U~ ~mn.­

ti-0"4 oogi;~" it' 1~ o01!£ple=t,$1 t»f~, ~~~l)ll:f.u~ toqna: trem 
'Otll&r ~~~ ~~ ~chamaged. ~!.mil.~ obaanat.io~ tlav~ ~~~, re.p-o.rtftd i 
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'by~~ r.m~ 13t\~~ {{lS}tt ~ieBritte. ~lit ~rtlund (192.) .ana 
~~ at .~ {59} •. ih.$ axo~ ot W'ttiott:S· alkyl~totliua ·eati048 

g~ a.au.~U$ ,ftOl~,.ion. b;y ~:t,...,IdJp;Oni~~· ·~ b~~ ~~1~ w-t b,V 

'i&'lleailt a:4(1 ·~~tG1.'$ (195 ). ~b~ obaew-04 th11t the .'~tintty of 

tha~o. o:r~c e-attons ~~s l.~tttl.Y ~~ed t'O' ~ol~ar wolgb,t,. 

m\Jl~eul.t:a" si;~.e ,or cbnin. l•~- ot thl!: alkYl~,oru.um inns·• W11e. 

af'fit1ltyr aequ.•ce bt~ b.eeil e-tt'riln:t-ed to tbe i.M~~tn-g contrt"'!i 

bnt;i:OJl of van de:x- w~~~l .t~orcea to a«~W.ption M.$~ ~ 1he slz• 

of th& iO.n!J ineroaSi!a·s (52} an:i tiLtH' to the ~ge in b.ydrat:iQa 

utate ~£ thtl i~e in'- tha ol~ int~:t'lay~r (61~ .. 62). 

f!h~ge a~tt~;r o~t <ttl-~ i(llay :J.Uin;e.ral ·tnsr a1.$o ~.teet tba 

'Qz>1m1tat·:tQ'.tli of n.dJ~~l'~tl 9.t':8if~;\''l.i.o oot.iGJl$' throttgb stmc etfcCtfl. 

f~A$·, !li~~oen {l·94) nh~ed tv in~'l l'sd nl:r$~tia.ll teehn1C~ue 

-that' m ~~1)!cit1iniu:nli momt?~ri.llhnit$,. the orqA~.ie o·~tlon ae~u~ 

M ori.:en,t~:ti·f:'.tn, whe~ :the. pl~ o:e ~J.· p;,i-!tUn~ ~ing wee rn:a:rullttl 

with the 111Atolets Of' t:h~ ol~Y' 3Uln~t antl ~, :tr£n!u.~it~ ~~1 
~~ac~ t:~t· ~2.~$ p.e._ .en the tlth{!.!r.' ~~~ p.;yHdmiu~r-dlieuUt~ 

M:~: the t~rr'tdinl.tl!U o~t'.i.qna tnar~c.:ally pqa!ti;())~~a :tt"i.iih retl!*ot 

·t~~ t!u). c.in¥ \ii'tata.t~ft:n a~ ~ ~l -SF~~ of 1:&,.3 ~~~. Ap~ar~~:rd;l.,y, 

t~ cl!.lae P'.i'O~ .. ni~~ir olt th~ c:~t.i(!A ~btngQ ai-tes on_~- ·tq ·a.not~r 

'f~e.u:ta the! -pyrid,:t)lit:tra rtt~s· ~m aemtr-.dUB the pt'mlll'$1 pos·1tlo.a 

:~cau,a~ qg th~ re:mtr.ict~ ,aro_a 'P:~r"Jd tted fcp ea~h ~j'Ttdin1Wft• 

I{Ih~ i'U~u.tm,l. lm;t pOl~ orsanic tntll.·~eule&· :~§!) 001lllti ttl the· Clt\f 

tm!"f'QQQ ~blf t:r.thf.tr me®wd.~.. ·eueh a$ 1on .... al;;pole: tat~et:to~. 



-
<C~ft «.-lt;r YiOul.ii, &lEJO ,be -UPact~ t,o a:e't13Ct thet·· iJri9~a-'t 

~teA 'Within tb_e t~l~ltlltll£ ~siOlUJ o£ ~ling ot.r llltxutraa. 

!be ue.qu.eaa• o.t tb~- uoi4W'll®t' as.d bi'Val.Gt'lt cat±o• 
' 

41Y~lap in resin.$ ot hig~l cavaottr -a:«ld moa~te m&d b:lgb. dEl~• 

·t.l:f croas.i!Mtllruc~. i'~ sh'Ong acid ~ina_,. lt+uau:ally .ttil'la .between 

mt ana r4;.+ ··• -g.or -~- acta ·mJsli.ttS., tnsr posltton of at {te;;-ilf.ld.e ·on 

$he ac-id strengtll -t!l.t the .fiatt an.i.O:Uc gl'!'OQp-S.. :ate $ftl.eet1v• 

u-;take: ~~ 'ti.:t". s:t' ana I<+__ a aerie$ of lleth.aer-a:Uc acid cat;ton 

•chnago ~ainS· ~ wtriau,$: dtvenyt benaenf) 'OQn~nts· wae iiGn$~«'1 
_.by fire&~ \19SJ. ·:etr a1.•. -~bG ~-m.1· Ol'd•.~ ot ·-p;~far.~fi ¥As iG'i+.> 

~+>x:+. __ \~ -~t'~l~nof.i .. bePa& ~n'OJ.~e-~~00. -~- ·f.;:Jle·a~~ee o,t 

t1:t,;ittt$.l.ieaf4.ol1 .. :tlf ~- giv• r$ai,n ~~r.e®~. lJ!.,~ rdiA 'btfhaY!()ur 

~1l ~~tllp;a~~. i;' ·.the ~t\'thQ:i-8; Vlitb. t~~ :®SO~i,attOll a'Vi~~~ by 

.. -t..·t•.,.,_. ".~ ... :.:~:111';)!;. ;,--,_ ~ m:a,f• .... "... i\>:l'()&.~·i;.{•.t•u•. 
~ ~1i"4o!i< ..• u:~ ___ ...,~ ..... v""-• 

. 5~'u.dies· ()~ ·til* i::OA ~~o ~~tli·'bl.~ in r•tdua 1)3' 

1!C;~O\W. · WO$$l1'-1,t '(:l;9tit: 19VJ· l'UW'o :~ye4~i t"i~t th~ $Gl00ti-.1'V 

•a-~ -of a. ~v5 .. <1u.. ~on-~r. f>O~~~ 1e · W~U)·ua o,- .tll.at4j' tao~ 

· ··a~ach ·as t~c- '.tlt.~t~o 'tJi! iibf-6 't~·Ol1U~t tua m.o~ :f:t>Uct.ion. o£ ~ 

e:ebmlsi~ tJJa.ti~ in ·the p~£1•-:t" phas:a $14 ·ttw cha:~ f'italft. 

. ·&·~~stll o.f tho: tkeit -ar.V~e -taiteat< i.e .. by· the ~Q;·~te. ana 

. ~ . · ~~i."4i$U~, -~~ ot· tit~· cation ad th~ ~o~i&abillti' of' tile 

.1~~4: tl~iQtl..icr.eA.~e$ wu.1 t~<t o£ tllc:~lveai'·tlte<liwa '198/·•· ~.,. 

t~~u- · :aff~li:tJ" U$$6~$1l'Q& · ·Qt !~ -~kilU. Q~t\1. ·flat.io-us. la t-bQir 
' . . - ~ . . ~ 

~•baugG ·J1~ii:~t:ifS"tm · :t.n. at!a-e~ ®1n:tt01.W- .u ~o.asl.i.flkea. 



~--· 
j 

-+~ 

~ol.y~--thg:c~lio aO:i(l: .$Ca:n.-~.ra i~ o~en $.h~ iio :})-~~he r•e~e 

~ ·tMt ~.tt:l:l. pnlyiltyr-estfJ ;~n.iti)hO.t£a.tes (199; •. 200). ~hi!¥ft tbe ·Qrd~· 
+ 1" ' . 

is cu"~-> :att > £ > J:~t > tri. .• It -~r.t ooe.tt ~es't$6 tt>~_._'t 2;,n td-Y-· 
metha.orylQta@• npe~if'i~ ~SIS:OC:iatimt lH:lt'iVO'&i'l 'th& O~'t$~i0Atl 

t'Uld the t~OO: iouit# ~ouv.s. :t.tl. $.:1'te b.iJ."id.ing (201 ), ti'tkGrrl 

~lnc•e cu1d i.:a aooox$f!:niel •tw· ·the we.t~e of' vmte:r mol~ttulG$ 

f'rom the $Olvnti(lh":l m.calts ·of t~ ·partfoi,at~ms spaei>£J$•' 'fi'it:h 

~'lyety'~a mll~~OMto ~~(£t~, .it~~ge:ta,, 1-t h.~ ~an 1nt~'0d; 

tttnt i.Oll '~$!\ter in;'t$rt\C'tiGne (200} !(lif'e .f)f pXI'itn& 'i.ftlV®tance ii), 

de~tiS-t'rliltl'it4'l th.~ ,tWfi~~ of: 11\kal!. mat~l oatio~ s.ele4.r~1\tlty .• 

r.Jm~~\b'num ~~Ail 'Boy-d (20.1) obtaitl.'Gil ~ru-1 .in~~~ 1n 

all:tr-ot>:r h thtl.' e'lt~~ of Li + ftt.r ,J.j:~:tus. Q~OS:;Il.~di t)QlY• 

met:~~cr,rln~ exchf~~~s ~-ul this: g:}'Cafa--esuee £or Li +bn!t b®U 

a;it'Pltttmd by ass~:tng a avo~ific ~$OOL,'ltion, i•O• Si'te binding 

:bet~.1ee;n. Ji1+{irul. tho ·~bo~lat·i! 8t'~l:t ()£ tb.~ .exen~10~ wi til the 

l: .. $lma~ ot r~t~ molficuloo .. :SU;:t>til>a,l1:• d:U.atam~'tric menet'tl.'OI.tlmt$ 

bi' St'rattSS stld, :{;~ (202) vn .. tlt 1!1~~ ,pOlymeth!lCP'J'ln.te ha?il 

.a!Iown ths,:t a votumrl ioo~w;u:J:e iJ£ n»prr>ld t.'lS;t~l.Y 3 tal. per t"tqui:­

·~ettt ottoors in tilt~ ~yet~ t:;hen: tGfit'\lmet!rt,yl aiDm'tltdum cou.nte:r .,_ -ft .... ~. -·.,.'-"'1' -.... ;A .... .:t' -~ .... ..,.+ -""'"i'); g.._.+ ~.u . -~.a.-""'" ~ C!lc - .... ~ li'l -· -~t· . ~·•••.u,,.... ·""'""~- ii~<·-v~~ - ..... ~u <lli'.r ~-Jk u..,.. ~-... '!!ll. ~ ~~./'"""' ... ,.o,~ "'"~"'~-&M~ ... lll ~ e-

bi~tit1ing,. an ap1)rs:ota;bl.$ posttive -e~ltribu~io.n. to A s1> ~t.t''lUO eaulcl 

b& expf3Ct~. '203 J. ~-eae e.f.fect$ btl~ be·em. ascribed to a com"!'r 

~etition be.t:w60.n ~ater of h~.~~·rt:lo.Il ~'- .~oa £or a :pt>~it.i:On 

Jltf;Gl' a g!von cat:toa a.nd ttltJ.ur.lt-"''11 t\1) t.ha· :e~p d1a:~r1'bu,t iJlll$·• 



~~l.'i~Qbil:it1ea ~d the •f£o~t1v<!f field .e't~Jl..{jtb~ Of the 

~iCip(j;i:d:ntJ i~Q (2tl4} •. 

s~r an-a~ Kltm.~ {2fi5.J hlttva 1N~unt~ stu.atoa the: 

des~lti~ ebaruo-tttW-iSti¢~ t;t£ tria~ trim.ett~l~oo di.E.~e cotta I 
i.e .. Oo(ta~+ f~o~ :tte ~OOi!lit(f :!~ -50 ra~~ comp1ax ·it' tllOllo• 

'V'al'll'ln.t tno'!"gm:d,¢, !f),tl$, :?~d ~t}tea. t.rxat ~a ~~3Jlt,"e iso.thar~ 

~e of tlW ~ty-p8 {266} itldioat1ve o£ coope~ttve a~!)tion nna 

the: a.w~in8 ~£tict~~ o£ th.a tfO• :!on ~U$OU.$ fll«liu:m ie in 
' ' '-..,~ :i...'U + ' ' +> !lOt> +. ,., +.> b+ ,(l + '""""' .... ' ' c;,.Jt ' ~h$ t)..-u~r 1 ~4 > t.i ~'l > K n. > ~G • ~u~y f.\;!,S:O .ob$e1.~~ that 

ttto ~lots -ot log (ooleeti:•t.:ty ~tfie·tentl a~it.1at both the 

bytt.mt-ed 1A"l1c ~.'hl.s· ~l~l the r~:u.t:tp'f't'tcol .o.f t~ DQeye Huekal 

:ten- sl~ ~r~etel'. n.o, fit 'th$1 monovalan:t ton-a :a~ :t:l~ 

GU~atins til..f.lt both ·tnEt p~tW:t:l:.l1tlS ~, be u®d tq c.o:rrel-ato 

~iul :pr.edid t,he rrjl~t1'116i affint tie• o£ the alkali metnl cnti·o»e 

~Q. at.":'Uutl\1~ e.Jld ·t~a~.e~ -~~r:OgBi.-rt;ioo et: ~- eyn.~tic 

~eo11te mol:ae~'ll."' 3'iQV-~ hiEU! been ~11 r~•:!ar1~ b9 ~ok (207) 

~· mrt"~,rt· (00$)., !b.~· ~C~e ~~bl"'!a aM (H3ll.~tivtt,~a8 ·Of 

Q'lkf)li_ tl.ai_ $lkalin~ Gt~th_ mAd ~~ ~'li:-~. tar.~ :t.Ol" t!1£%el."~r.t.t 

Z$Oli:t~ icn.-~~er.s have been. d.oucrib€00: -by ~~- {209), 

:Sh~:t>?Y \210) stld Maea and Ur~ra (211)1J- $helr ~$l.ts have l.~ 

to tt'la conel.u.elon ~hat ti!e·.'t!u is nUl?e OJ:ttnaive iQ.n binding in 

~Zcol·ito na <.-'13~00. w-ith l'•type.~; tdllcb kna n bi~:e siliea 

~l;Bt$nt ti!id a ·1o.~~ total euh.onge eap:.uU.~y •. ~he effect o£ 
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d1.£f~,rent :silica. to ~lutli:aa ratios on cation ~J:aleottv~ty lw.$ -·. ·. ~; . . . . 

taao be~ obsfll'!V'ed by it\~JJl (212~ 213) to:e ~ nu.ml'JE.}r -o~ no:tttl.~J" 
., 

o~~ing end s.un.ttwt:J.o. ~f401it~a. !it~ eey~ ~tru.-e~e of 

~et.>l it~ """X nnd l tll.tiOlo-ae tlh~ .tli:ft"C:J!ent kln;ls Qf' ~areonneOt­

·;tng ~avtt.tea :in vjm!e:h:- ·tha -~~~~1bl~ ~-rt!()~ ~ ·located ~ 

~if'l!ermt m,.-ystnl.10grt~pbto ~'it~u (2.1~216}~ ~lb~ (210} han 

iatar,t~~'~ b:bl ~batt~ :;t~oth'\f~ in -"~• "it tb-e: dle~:r.i~ 

ti~ ~f. .1ta t~rm· ovar dtt:f~~z oeyatal.l~~~;(hic $1~~ a.a i'W--.led 

-by th~ · ~11 :J.~:.q ·ctu~at) of ~~~ end l11lo~.na.Jo;Jr ( 214} 

aud $U~~e:d U;· »reelt (21.8). ;;~.an¢ia: tl'l(t Ca'V"lUos ~.lW en.w~M. 

b$ :~lind~- ~.f. d-i9t1Uit0- •li$s~i-O.flf.lt- Gte~!C ~ -10n. 3itNe :etf--cte 

hnve be\ltl. ·.obaerv~! in e~(:!~~g~B' .tawtvill3 l~ge cQ.tioa.s (:U.o. 

209.)• ~be in~or;},.allina egaa~ -mau ~~ .ttu~a. tw -~ue 1a.t"8~ 

- tnrtit»ls. :b3tore' oomutQt,e re,la\:e11ent O.f' ta., ions i~:&;itisll:r pl*..., 

a;~i;, ifl a,()hj~evmt~ !I~n-oe., itM $:X'tMt -of ~Cb~Age niQJ"' @leo btt 

1~~1 't'{!lti :by the tr~f#"$ rer&ai~e:tl.t ot til~ ~ tiolla (.209 ),. 

~·er ~t ~t (2f)gl~- ~'htma (217) and v~_nt at. ol (21-~l) 

.studt,~ .. -th~ ex~~~ ad.3~tion. Qf ~11onia,m ~nd .some ot it$ 

'$1~¥1 dt)~.i'fla:~i~f)s in. di:f~er:ent. ·M'tu~ a.ud tY,ynthe-tic &®lit.as~ 

!h$y 1'>00~ed that tO:~! etGftQ ~CQ;GO(~t OOM O.t the al.ita'l. 

a-mJ.r.on:luJJa". ;:t:r:4t~ e~ e.ttoot:- ~ ·OOr.!~le:t~ ~apl~~~~nt or ila 1tlit1ally 

~~went. 1~)-th~ zerait~o. SHl ~h'.l:t ial.((· ~~ge r~tS.Qa was con.., 

f1Aad: ·tro. the l:arg~ Qav~ ties !~ ~11$ ~~.la;tAl.-• ::lh?3 ma&i~'kl ~~ant 

or ~oha~ a:o.e;r:~(!4. 'Wi:tb. an .i~ratu'!~ ~ mtneoul.~- weii#'lt ana 
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. 1!Cl0ir1~ahiliw ·()£' tna cat,I.oztJ. 'bu:t was ,~lt>tctyB bel~w tb~ 1~.:t 

imposa.d by tU $ .e:pactl ~~ut...~ut ,o!' too ~e$:§;~cot1vte .i~.tm:. 1!'l:i:Q 

d~.ur~alle ~a~ 'at~ ~at~l' :f.m: tM di all.d tiri a.J.k,!fl .ft-anvat::tv.~a 

't:i.'w.n. :lor ~at£~100~ to:• ot ¢:0$p~able ao).aelll.Gr w~1gbt, 

·~d ~s ~tt pt~OA~OO. ~ ~- t~ tn ¥ ~$Cl~t~e· ~ba ~ort~ie• 

.0£ the dt.:tility ot oa.tJ..-or~· ~ d~ts:_~utng the up._r)e~ :til!:t:t to 

~el>.n:U£!Q •-s in-rttbur tBhovm tw th\l O\l$0l.'Ta'ti.,on that for a gtv~n 

alkYl ~mnum il)n• thi$ limit d®l:ettfl$d :w;!.th an ·1ntt,ntae.a:e u 
the affi~ty. oe· 'the ill~:t'~Q !0!1 which it repl~c- from the 

. <.t<T. . +> t +: t'll!l+ . 
·~:t.tt·e., th'O o:rda:rJ ~i~ 't',i~ > !Ia K > .. ~g)' ~..... la.Mat!i't m'id: 

·vmboot (~) 3;'~-t~ s.t-~fo\'ted tl-. e~of,~ o£ ~l.ksA~~om-. 
' . - -

1-f.ln.G in til-~ ~e~li:te,EJ X eintl.Y· -~~ ~OJ".tOh.taed tbat .for ~teno 

,r~tJmJ,~ aone o.£ ~-· 01r~'lo tJa'tieyt.u~ ~JJ.n· ·ef'fet:ti; a e~J.~te 

~n<le&t:au't ~ Bn: i:o~ 1-tti.:t~tl'' pt'~~t'i't in the zeolites. For 

~ g:iV~t!; .n1kfll\(t Ui~~Ol.\~ltt 1.~'l', tb~ :mt-~iw.ti'!! ~.niJ~e O$p&Ctty 

4oo-~~~i!l$ ~ .. th -. :btlllr.eaae •ftn. the e:;Cltm ty . ·at ~t~oo.a initially 
. . . -+: + + · ·~z.w.cao.u.'t tn tb~- $OOlite:$ tb~· 'llrd~~ ~bei~ :11.>Sa>lt•, 

~\ill ,t_tn uobani$ be~viOQ.l? a-~· -&~Jll~ t:nn{ji ti.on •tat. ions 

iA ·S1llthe't:1o ~ot1:ttt~ X was ~·tt.a-.$~ hy,1 ~~-(;,a ~~t al. <ZaQ') ~'ld they 
l 

' . 

f'-ou,n6 that iihe «tGml.l .ee:l.a¢tivi~¥' o£ bOth~ ~ ¥ su~Clite for 

,bivalent 't~it.i- ,metal, :f.;OM :!.UC~~Os in :til~ ·o;:d~~ Si2t:ctt2+ 

<1!n.~+.c:: tru2+. !n. alldi:tton to tba- bad~tion ~~t~riai;i'CS aril 

io.~.U..Q ra..«ius.... t..'l~ $xeh®ga u gc.v£m''lta~ 1>7 t~ ~Olmizltl;tton_ abUi ty 1 ,. 

rtf ·U:le tranGition. m~ta:t ~onq. R{t.nco 'thG' ~-~ impo.rt·nnt. Cbame'lsr1$tic~ 

o:t e::(e~ stud 1ea area 
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(1) l.biil Ob~~at:i*"a o£ th& l.gottt.opi:f!l .s.~;ol.f~S· t~eh 

~efl'~ttom a.6 o.ttea · \1baen~ ... 

( U) :Ul»g4.ie~• to ~ ~@flU::i~ e~i:ut.1.t'iJ1-l ·w: 'ti:nfc fktta ~­

~lv!~ ao~'tt~ of lra'~ or~1c mo'!(}.a~~. A 

oimi"l• ~1~ivGte.nt :A-aflt-1~ ~oa~s• ~uatl~ .n-as 
been. p~po$d.' to ~it iA ~e ~ebru:lg~ tt~t:a of B.rl"' 
K! oa2+oa ~ntottiw (221) a-t o.a(E::t) ana t~o<a> 
~~1 s.alt C.OA~att&mt:ton. 

z.~~J.~ti,S$ ~~~~~~ cnn .tla. eitt:eA in # g~_;ta];. ~1Q 

u,$ fttllMet. 

_L .J_ ~ 
Z .A + Z B 

1 :2-

~~~ ~!%~·· ~~~ df;nrJ~~~1tl th". 3~4ica 1ft the .. ~atl~be! I;flt.a.ett anA 

z,i• za ~l t~ val~$ ~r;t A nna 1l ~ap~ti~elsr• 

J!l"'~ta t.~e amve ~U;<:;;11J.~.fb. tlllf4!· .~iHiil(jottvt~ eosf'fi;Ql~t 

·1$ exttl!~ed :a~ f'1)lloge& ·· 

' ' 
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·~ ta~~earant ~~ sel~v,i/ty oo:ai~tici$t and ·the o~ten.oe. 

"Ot r~:;t:~:au;:t~·~ eqWl'biOA- fU'&. no·t, i'l~'$.t)Vft~t· ~ueluG:$-ve :of ono 

~oth'e:r. 

MJ. tb..~Ue tat.tl:dloa nre Cmlfl:in0ft tn t~llli ~~lo;<lOn'H~n.t ot· 

et.U'!!J .1nor~c; ~tiOU :ffr.f! ~mothur,- !h{l;~ i's very ·little work 

~e.~~~ ~~ti~ invalv~ t~>O· D~o catto.tUJ·· '!fhe .aobang$ 

o'Jf a h~~~· ·or~·~ cu:t::ton i'fir' at~~r 01r~~e o~tlOA on JlOllt-... 

zaO:~ill:o.n1t~ bad. beQn ra~ett by' li!C:;\t.ee (222 J. SiWle the organo­
~ntmo.f".tl!ontte 1tf. orgnno~Mlt,c m\tl by~~hoblc. the exoha~ 

uas ~too oa.t in nn :isoouhn• 1Ppl'O,py1 atoo.h01. :m1:~¢tu:rs. It 

·was ~ that un<tar ~· \lO.aU .. tiOll. of the :axpr.n~i~~n.t upto 16 

gar neat ot dtmatb3'lb~tl'l.J'1l~:t ~om~m ~tion. ea '0$ rEWtlaeed 

~ ®tlt!M.lri11onite witb ditn0tb;Ylo.iQC'tnd~.,yl ~oat® ea:tl:On. 

De .... :tn:a ~ngo attd ·~~~ (22a-22G} ba.v& .ah0\\1\' that :ea.t.io!lio 
' 

d~s et•G• aetbyle.ne blue, ~re~Ql. vi.ol:e't-t: una ma'laoh1.te green. 

.a,tl;eor.~. 'oato ooatnu!tt:.~ 'V~ml~l.l1te., k.atllifd.t.$ ;afid: MOOilt{)(J' 

~ ·~ ceJC~i:(t;eQ; ·bi l.<>n~ll.atll lZtJJ,~iaee ~ttvta i()JlS: llkG oet~ .. 

t.~im,~tb,V:t ttr.tm'OlltW!l 'sad cett:t ~Ji-~id-~~ i.:UtW• ~ the: presea.t 

&.~-kt 'thtt tl~.ti011ptt• Of tho organic it~Wl.t iiQa ltt~s: o~n, $.tud1~ 

with -t~a~ria~~~ al't$llt?J di~~<'~ nnfll.c.na:-reham 

t1rut£ac!! ~c'G:tV$ i:o.- ot Valf.:Y'~ s~e;: ~~ ~$~~ 


