in fo-dayts aoolopically-oris
agricoliural and hoctieunlinml prootice, thors in g otrong
interast in 1) anpeots of horbloife asd pesticids vees The

poriormeueey NOULLILYs perul
herbieide appiied $0 o s0ll ave rolated dlrastly ov fndirently

stanes and residudl probiomy of o

to the progossen of Ite aduorpiion ond destrpilion. Detalled
phyciso choniscsl nbudies on the ioberzctions of herbiciden with

goil constituents such as clay ninerels zud ovsanle uabter (1)
ean give ar insight inte ihe sotual mode OF getion of guch
biclogleally active componnds and thelr pltinate fate in the
soi} covizonnont. 20 a atudy of the processes of gdsorpbion
ol dsoorpbien of g herbicide by aoi) elays, provides useful

informnkion with rogard $0 1ts fate In the 8oil and revesls,

geparallys the oxchangy charaoteriotics of the 011 a9 o wholoe
The herbicidal proporties Of Peranuots (I.1¥=iinmethyle
4y 4'-bipyridyling dichidviduls one of the most imoorbon®

bigyridylige herbioiden,s wore discoverod st IC1's Jealott's

.
33

i1l Heaenrvch dtabion,

agiands dn 1988+ although gavamat salts
had been kaown siase L832 (R) and had beon used se oxidation-
roduction indientors under the name nethyl viologen since 1932(3).

Y
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gramoxtne® 19 the trade mark O Fleat ProSection HGes LsSel,
Baglond for this biprridylicn horbicide. The proooriics of para~
guat have beou yoviewped by Onlderbank (4} and Axhavein and
ringoobt {(5) and Sammers {6). Parajust 18 o brosd speotrany
rapidly actiag ominet herbleide which in highly offsctive
wninst grasses and mosh brond lsaved spsciss. 1T i affective
as herbicide ot low concankrabionn of abont 0.4 = 2.2 kg/

nogotates A noloue progerty of saragust i ite Papid and complote

sdgorntion onto soile Parvangunt that rasches the 3011 ig ranw~

dernd uaovallable @ slant poots aud have no rvosidunl activity.
I% 1o uaed ¥0 E1L) smorgef wesdd anytise before plunting s crop

o bafure fhe @O dbcwden. Lo
used ig Agficuliore for prspioat and soecenonzsass weed oonirol

sequentiy, parogust io widely

and It bag as Tmportaat wse in mmﬁ@m %illage farsing oystons.
1% 32 eiat noed 129 wesd aontEoL, Yotuads Srene and an o divectsd
gptny k pog a%g:aw Yus 50 i%s é*s«'emmféma propartien, it finda
wifde apdiicabion o8 & havveih’ ald. .

Zhe dimengions of partaonat esﬁé& tal from Lts aolcoular

nodel by Wand and usbar (7) are given helow

Q
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Assuming that the cationié charge 18 sssocinted with the nitrogen
atomas the ohargss on the paraguat are aeparated by abont 73 a°
anfd the extrene dinensions of the ecation are iﬁ-'t&' A% and 6-7 éﬁ
in longth and thicknesa respeetivelys. In thiz compound the tuo
pyridyliun xings are coplanar and the sbililty %o gdopt 3 planar
confimration sppssrs 40 be sccsveary for herbicidal avbivity.
Bardon, Hoyee ond Piek (3) have veeantly ozlouwlated the
chavge dlotribublon of paraquat by o Cemplote Heglest of Differen
tial Cverlap semi-enperdcsl gmeantum mechenical proocdura. The
gleotyron denslty &nie, houevar. show that the positive chavges
in tha ovgeno cabion are distribagted avound the molesnls and

aye geeatest in the positisus ory

2, sl pura 90 the Heteraoyclie
nftrogen ntoms. Davlier dntorpretations 6f the mechanism of
adenyptlen of paraguat Yy 50ils ond clays,s howaver, assunsd that
the charges ave located in the hetvooyollie aibtrogen atomme
Paraguat ig highly stlulle u water aud dlesosiates o
give dlvelisnt crguuic cabiea. It ie o non valwiile compopnd (9)
and ia %aeb};# in acld eod weet@al solptions bt deseompoees pbove
o 32 {4). Paraguat sdserbelt on glass siides or thin layers of
- 88l Qs phetochenlonlly degrafed dn samlight of wnder W lanps (4)s
Howaver, phobcohendesl degysdation oF signdflicant anounts on goil
snvlaces ii che fizld hon nob Yees olearly ﬁé«ﬁﬁmtﬁ%ﬁtﬂ@ The
horbicide exhibits ebrug abadrpiion in She sltravitlet region
anl the absuvrpbitn satins dcours ab R5Y am.



| The oolloided propsréiss of the clay ninsrnle be ‘
ased for hundred of ronrss guPpeoinlly in the msnilact g of
shttery zsfiii in Zoundrye 4 systomiie altoenpd im,
npfe only 4o this celtnry to mémﬁm tho o A, ,
bulimvionDs wmﬁﬁmﬁm susonEs haﬁ hﬁﬁn pohieved in ths mﬁ
_.iﬁ:}' fﬁam in romed 40 the marm For bigh Yo ami
for ovidonces of ﬁzmv cryainlilnitys Yhe aﬁﬂs@ﬂﬁ struotures of
The 000G Slay Ginersle have been 0 a grent sxtent goternined
and agm?;&ez& &0 expinin the @%aﬂ%& of the Ladividunl meabere

pardty ¢

by mpmerous investigptions. m strueinres of pomo of the a’mg’
ninorale mﬁm in the present ﬁ,ﬁvaaﬁg%mn m ndefly disousasd,
inifonting %ﬁﬁir diLforences Lrom anch Oother and i:.%z&ﬁ.-rﬂ paculia~
rities, wiich cro pesponsille £or the eposisl colleidal behaviowe
._ lnowelae Thi vaot majordty of the nabvurel soilo contaln
i $he oloy wiserals vise k@%@liﬂiﬁa, mantmorilionite, 1111%e;
chlovite, verModiite snd mixed leyer-lattior iype ﬁimmmm

clay wingrals, the corrslsbion betwesn the stractuwre ord the
azehange propertiss hay bevn cwtoblished fron the Importans
wagonreh aontritutione of Pauling {10J, Jragy {11}, Grunsr {12}, -
Brindley (L5}, Boffuann (18] Savaball {15}, Bendricke (16} mé |
othors (17-85). Prom thess sbadloss vlay miaevali

18 are rocognised



o connist exsentinlly aﬁ *t:m atrctural anlEs. Sue 1o comaosed
of two shoete closely packed omygens or hydroxyls in whieh
slaninian o m@a&aﬂm ahomy ere arranged in ootahedral oo
ordingtion, =0 *ﬁa‘tat ther ave eguidistant from six oxygens or
bydroxyine Hith aluminium in the votshelsgl position, only twow
thlrie of the poseille ponitions avc £ilisd to balance the struc-
fures It iz the gibbsite structure having the formuls Aly(f8)g.
Fhen nagpiesion 19 sronont, gll the possitle posidions are f13led
o balasce the afvuctare slviag tiw elte straoinve which has
mals 8gs{01) . The setond ualt i the botrshedrally cow
ardinated aitdens & ailicon atom belng plaved at the counlpre of
a regslor totrahedron ia eyuidivtant from four oxygeas or

ox7ine« The ollica tetrn hoelrs are joined togsther in the
as b direotions, through 0Lygon, %o form @ hexagonal nebwori
‘which 18 repeatel indofinlisly to forn a sheet of composition
Si40gl 0L 4« Tho tips of nll the tebrvahodra are is the gany
Giroction.

Phe kaslindite ig composcd of o singl
dheot and a single siaming voboheldy s
a6 that the ting of $the 2ilicy tefrahelirs and one of the layers
of the sotohodral shuet form g common layor. a1l the tips ol the

pilics tetrghedra polat iz the same dfroction and towmrd the
of the mﬁs mada &f ke gilicn and the ociahedrsl zbwotss

ﬁeﬁtx&



Theas ghowts which are eontinuous i the ny b direstione are
mEarked ome shove othey ia the ¢ direchion. Tariag ghaciking the
oxygens of the tetwmuhcdral loyer sre placed very close to the
hydroxyls of the oolahelrl lagors 80 etmt the shoete are hald
Hahtly by hydrozen bonding ae o vesult of which very 1ittle

eEpancion in the ¢-direction is pozuiblio.

ziilondies
Acoording to the currently accsptsd concept, noatmorillo-

nite iz composed of wmite, maie up of twd silion telrahiedsnl
sheata, with a eontral alunins octohodrnl sheet. 41l the Hige

8f the tetrghedrons are puisd in the senme dirsctiss and tounrd
the centrs of the wait. The teolrabhodral and the octohedral cheats
are combined :m gnch 8 way that the tips of the *&aﬁ;r&m;ﬁm of
aach silien sheeb and ons of the hydroxyl layors of the octgw
holwal choab forp o comadn lavers e stons comaon &0 the tetra-
dral layors otood of CH.

Thae alaeresle of this group ove nlgo éﬁ?ﬁ%}ﬁ)gﬁsﬁ by stacking

bowons 0 in

hodral and ooksh

of these gnit shogto one above the obher ia &m ﬂ'«axwﬁ i
Turieg afsokings the o 1&5@@3 oL ong walt are aiose %o tha O
Iayers of e otlrer nuiby 0 that there is an ezcolleat a}.wmga
babnesn the ghoato. J0ler nolesuloes ¢san ﬂ:m:@x' mw 'i;asz apRes
botwasn m@ aiesty eau&iag expansion of the axis in -'%:h@ G~

GAipootion.
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isomorphous pubabitotion of othar metal ions fop silicon
and olnninias by fvon and mognesion is found in the miaersls
wambronite and saponite Yopoootlvaly. Subtatitption in the tateg~
hafral layer in montmorilicaite does take plooe bub &0 & linited
agbente

Alternate shteoking of nics nad waler loyern Pepressnts

the veraioulite struchure. Ioondriicns reslascencnt 02 AL fop 51
alvays tokes plaed in the Setraheiiral oyer md replocesent of
o opr g for &3 in the ocotahedmal Jeyor is linived. In astursd
» deficioney i balsnced
spimarily by f§g2+mﬁ %0 @one oxbent by Cazf Thooe iong grs hold

rornicaliton, the nel roounlingt chorge

as exchangable fons o bebweon the nicd layeed. It hes also been
saggosted that thode srolmngadle ions are regsousivls for the
‘arientutitn of vabtor polscdlos. The He®tions ave proseat i
setabeire) grouwelng with 88y gater aoisoulen canclag the oxtisitence
of T layers of wator nolssnies, but vtk %i'".s_;a slace of @2"; the
thicknesy of waler luyor is snmomoletdiare The O= guiv expmaion
iz lisdied %o Ghe thickmess of vo0 waler nolocule.
fﬁég;‘gﬁﬁiﬁg‘a?-

Iaponite in o syatheblo oioy of the hechorite vaviety.
Hecborite I o uatursl ninerd swolliag cley and usunily reuains
hoavily chabaninated mith other ninsralo ouch ap dolonite, |

gonets @bt whlch npe Kot easily wndvel. he Qcpogibs of hectorits



ars &1oo 1inited.

Toponite provides Lor the fiest tines o reliskle sonsia-
tent supply of high purity swelling claye 1% has a nuwber of
other immovtant proporties not Zaand in ite satural eguivalente

™ in componed of nagnesinn eilseates with a layer struee
turs aad s obbained as groaulasy, frea-flowiug white powler. The
powler forgs thixotropic gols shen dispuryed in wabeore. Laponite
has # layer etruciure sinilar o the natural hetiorite. Heotorite
ie the tricotahedral eyuivalsat of rontmorillonite and Owes 1%8
charge o ottehodrml replacencnts of Mg by Hi.

. Ite sizuctural Zormula 1s

PR N
Loy, 7  Lusgy Ziiz 7 Oppledy
L

a8lks The strusteral

foremitn of Se-laponite 07 is
Bag.70 (M5.26 » Tl0,507 Sta,01 %a Bsuon

In serbain Lapomite producks, thore are no Llnorins oboms in

thie abtractyre, thiage wre bed

g roplaced by bydrozyl ions. The
layors (platelets) aPe abost 10 4° thick and sre extended in

ty0 dimenaions. I the ealions present wers oumly siliecon and



i

wazpeaian, o slogle layer would be s olectrieally nautral. Boseves,
spasdnn 1o aubadituted Y 18%hinn and sone sbowo-
el ¢ Ly onopeled by those oobionn tay B0 ab
gompliots thots lurery bave 3 nogebive coagge shial ie Balasved
b oxemsmpenble oshions, normsdly sodlen Loaoe altusteld oubolde
e gtratbnrgs bobnoon the mldisis layeras
Usenlly during odyutal growth, the Yutrghedrs e ndt
golely Doeupled iy silieoon ur by aluminius OF magsesiuns Aluti-
wiom moy eubstitnte Loy gome of the totrabedes) oildcon atoms
oy Liy Hng %&* and other motal ions oF anitable size BRY
Quoank o park a? the ootabmiral 2itons This isomorghime resdace~
 onk o dous mm@@a tha overall chovge of the oystal lsttice.
- Gevelon wiieoh g brlanesd by cations
@M’é are vetaiaed on ﬁiﬁ extornol loyer silicato sarfacen. Those

i exages aegative chavge

eutionsy Guge Aa' » K o 0n® and others ave nove or less

_ x G the roplacisg entitng,

o cabions and the magdtsde sud disteibution
0F the atmetardl shavgo. Uey are hold botveen uslt LiyoEs and
bend Ghe lopers | @g;@%ﬁa&ﬁu This brings he fden of cution oxehonge

~ szohongesblo, dopending on the nebare

potare of the aboork

K%"i”’%ii%aaﬁfg Q"‘eu Telly of @%@ 8 ¥ ueloly
' mﬁm‘*@%b&a cations &
'3,73&55 300 amohn
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Heace the origins of the charge of the cley lettice ave believed
$o be dus $o isouorphic substituhitn, lattice imperfestions,
broken bonda ob the odges of the pavdiclee and exponed structural
nyrdvozyls. The negubive charges On the ¢lay ninerals is eonsen-
axtod by sigorption of cstions. The csuater 10ns ave hold on the
szterial Gurfacey of ﬁm agoregites nnd bebwesn thoe unit layers
in clayn chich Swell im ajgeous suspention, whorass the serption
of comter ions hakes lacs 0alo The exbernal swiaces oy iu
aonesgeliiias olaye. In agustus SudpenRBidn, &vle OF these cabious
remnin io a closely held stern layers othorn 930Suce sway fron
the anrface aad thus Jorm a diffuse doable loyen Provided that
they are not Tixed by esgeging in strongs gpocific bonding with
the ¢loy or by belag trapped belweon wnit layers that have
ofilapsed Hogether irraevarsibly {lattico oollapse}, the counber
ions can undergo ion axchange with Other cations px'séamis in the
Byatem.. o |

, The magaituie 0L the C.2.0 of & clay depends largely o
the type of clay and 0 o logser oxbent on the source of &
paPticnlny sanplas ! |

ihe expevinealally ncasnrod apecifie wneface aras of o

olay nianoral depends on the type of clay jam& the pethod 9Ff mep~
savenent employeds enong olayoe of Bhe sans Lyps, the valuyes

A,

differ Lrod sanple 10 sanpley aad the maturs of ibe counter ions
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preaeat In the soupls may aleo iaoflyenos i8¢ seszuwrod surlfene
e Tho theftretioal surface avens wore oslonlated fron the
woighte of %o uall oolls, and thelr dinonsions u8 indicated

by Z~vay SLLrachisne

Syatematio stodios of cabisn seehange in purs @ay
alnorals ware oorvicd oulb by Poge and Baver (96}, Bsv ond
Tonderros {87}, Hondricke and Memader (23], Schochtashabel (89),
Hakhorjoe (50 and otharge Hoot of these Investigebions wers
stivity ofc. with gisole
inorgasio ions {31y 35} Bechsnge mesctions iavolviag clay
ainoreale with orgonie eompounds have also been ostablished by
| A5 Tarens acdenbiobn {3336}

swongat ontiler novkers, Renold (37} 11336} #was parhops
shve Tiret 0 otufly aystemaiically The ezchangs behawiour of Cus
Phy His S5 L0y Hg apd U4 permtites and obswresd an fnecresse

tged wpth cxohangy egniltbirda, ool

14 the exchangenbility of thoss cations in the order showns in
wan i‘mma Yy hin $o be as aficckive o Ba in it wwhenging
pogers dJerny end Jagabaly (88} (1943) shoged, on tho basis of
gxehange chmeacteristics of Sn-nontporillemdte thot Uu lon ie
parbinlly vendosd nop-cxchargendle by bolag coordingted Lo the
elay ninornl. Badn and fekherjes (38, 40) have #tudiod in detofl
the intermotion of nonbmbrillonite clay and troce element oublonse.

Thoy obsorved the rolesse of the petsl $0a% 4 the opder Za®t >
Bt >R = ao®t> 0a®t foon the clay surtace Wy BY . uoreover,

g reveslad that the auoynt releasel woe

guasntitailve mosoprs
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mash 1608 then thet adsorbed, so that & part of the mdsorbed
cnbions was conmidercd to be "ized®. Hartin and Glacasy {(4%)
shudleld the sigorphion of ﬁnﬁﬂ@&ﬁlﬁ ™ aentaorilloaite u
voricus pi condltione. They fogndl that it gloo permits the
nge cnsacitios.

sotimation of indornel 228 extsrnal ezcha
Chabrarorty and Teltinen 2{%?} atudiel the afaorption and
dezorption of {mﬁsﬁzﬁ m pFDoR Ylant. %ﬁﬁ&a&mﬁg@ anpucity
deternined Troi the wenmge of LUseny 7 agreed wall with
those ohtalnsd fron the zam%im sad deporetion atudies of

*0rSy and %08y o Das Zoaungo, Uhekravarti asd likherjes (45
48) phuilod aleoxphion and Gusorption of hexenine Cobald (III)
ehloride sad Sriseblylons dionine Cobalt (I} chiloride m

bentonite and vernienlite snd obzerved that sdsorption is

ancording o Sengmirt s ejuation and desorbing

2abing arrange
themselves acovrding to the 1yotvope acrisng. Heconlblyy Sorikar

and Dag Laouunge (48) have ghown that in the exchange of trig~-
trinethyleony dtantae Co (II1)} frow the bontonite mabtrix by
alktaline earth aolal ioas, bokh the hydratel ionlc padius and
the recipracnl of $hoe Debye-Fuckel ion-size purametor, a’a'; may
be umsd %o correlabe the velativa affinitics of the ions :3“%
she ninersl vhlle for the allall netal lons oplys 1/a° way be
usilized fop the purposse Thicloenn nnd Heabes; dre (4%7)
invesbigated tho gus chromntogravhlie Dehpvioar of petal-tris
{ethylaw diasminel souplex eabito-paobanged mentnorillioniten for




the separabion of oxldes 0Of nitrogen snd light hydrosarboas and
showed thak Hp0 io involved in an ndborption prossse on the
ozygens of the hasal surface of the 0lay, whereas the light
hydvocapbons wore 1ost probably invelved in a sesving sepsration.
The cation ezehanze process bolwesa tris {ehnylese diamine)
Go{ITL) and Hs ou montmorillonite was studied by Kauldsons Jr.
and Hesbee, 5o (48) and conclnded thad the exchange of Cof -w%"’
for i was extremely favourable, wiih a tendency $Oword segre-
gation of the twe kinds of cationg in the mized olays situdiod.
The studies oa exchonge charactoristics of Loolite, sither
gynthetis op natural by Barrer znd hig co-workers (49) snd
othors have received o groat deal of attsntion lo vesont yenrs.

. ic comw
ponnds ave essentially of two typeg, thoss in which the odsorbed

Intorisyer conplozes o olays wiith sinple Orgss

specion oxiots {a) ns o oation and (b} a5 g polay non-icuie com-
pounds fron o atudy of the weactions betusen orzanic coupounds
and diffarant ﬁy@a:s}i‘ clays made BY & lavge nunber of wOIKOrd,
thy specific aatare of the clay mineral orgmic ion Yeactions
hos now bewn fairly vell establisheod. Under sullgbie conditiunas
moad organle aaﬁmﬁs’ sra sapable of replacing the interlaysr
inorganic ﬁa’b@gzﬁ asouny ing r-smhrmg& sites ia montworiiionite
aad vermiculits tyve ninersloe ' o

Hendricks (50} extonfed Gleseking's {51) study of orgunie
 bases, cations and proteins on mosbmorillonite to other aliphatic



s 72

nad aronotic aniusg, aikoloide, puvines and m&mmas wping
HemonZooriiloalse s sdaorbent. He waa able 4o show Bhgt ammall
orgenic Dases nentraliced the BT lone up or slose o the

oxohsage vapscity oF the mnimorilionide o dsternined by the
sxphange with 30%%. On the ofher honds lurge alicoloids, such
as Ymaeine ard oodeine, failed 46 nentealise all %ha HY sone |
prosent In the elny. This l=d g&aﬁﬁ.&kn %0 @ast&at& ‘%;h&t the
d3Lferonce bhotogen the 0%l smopnt of i tons and t%mt availe
able for reasting with the alkolold represents the ﬁgmaﬁﬁy
“goversd™ by the organlc ouges. This cover auy offest comen uto:
spapgblon sben  the sise of $he atoorbed grgunia m&.aﬁa&as

czoveds Thy nren pol oxchunge sives O the complexss forsed ia
this gay, thoze Livolving a-alilyiemmonian tong 2ecelvel the
gireetasd guonnd of attoution. The chemigtyy of ww%wxie

ésohiony hue buun weil reviewed by Ureenland (52}, Hoetland
L85} sud Theng (047s & sumber of genersl concinsiois hze emerged
 fron these emdios by Hendricke {80}, Jonlan {85}, Cosan and
| white (@), Diamiad sod Klutew (§7), delen (B8), Geeenimd (62),
Thong o6 €1 (B9}, ¥Elkey (60)y Vanbast und Tyetorkvoven (81),
Haey ot ot {68 and oihers ond 4o semmrised beloss '

{1) s8sorption resches o aewimm wgusl or clous o the

hnuge eopuelty of the olay. For very loag chela devivatives

(> &gy nduorpiisg nyy oxeosd Shis cupmeily, the uxcuss belng
| prevent a% the £res nlucs |
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{8} Por pontuorilionite, the affinlty of e erganie
ion for the clay, incressss regilarly with molsculer weight,
that i, the larger the eatiocn, the stronger its aduorpiiog.
Zhia chasryabion g aeordidsd to the iacronsed contribution of
van der Sonla foress to the adsoppilon energy as the molecular
solght increnses and olsd 0 the ohenges of the hydretion statas
of the iong in the ¢lay interlayers .
(3 Bnoal spacing messurenchbe suggest that the orgmuic
ion is sdoorbed wiih i1ts ohortcat azie @ﬁ?@%ﬁﬁimﬁg?{ o the
silicate layer, since Such e Flat confarmation snebles close
ran der Yools coubask 9 Yo mhﬁw@ Dotwow the ﬁ@é@éﬁmm aad

- Buwhairats.

{4} Biagle-layer complanes £ gy ~12.8 ~ 13.5 A7
aro Tovneld with pontmorillonits veovided Shat the avas ¢ the
eabion funtd Gg) s Tess than the area per sxchangs si%s siace
the omansio tons gisorbeld an cuy YageT wz 1% iato she Zane
bobwesn those adeorbell ou the Oppowing surfnse. I, Ruuovoar,
the entimm aren (> Oyq) czoveds the aras por onchange poai¥ion,
thin iook-and-isy arrandanont is o lougey ﬂwﬁb&a E=T4 éﬁ@ﬁh}ﬂ
Layew eomplesen Ly, ~15:8 - 175 &2 7 are ohtainade ,
abinngy LOng-ohain alkylw

8 4% bigh swfocs ctnsonty
sERdniug oy (> Uagd wny gosuss sa "and-on® ordontation in woich
vhe iyl chals cxtends away £ros and oakes & definits aogle with
the sdliaste %ﬁm. In this confommatisn greater vaa dew Yamle

~
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snteractions botween nlkyl cheine are posaible. Rhe interlayer

apage ig olso incrsassd g0 thad o lorger amount of tha opganio

iopa can ba acconnodatods

{8) Ia vernfonlites the ${lted confopmation iy geserally
obanpred oven for phort-chnin derivatives oince the distance
of ;éagamtﬁ_ﬁa of the nezative chnrges in the silicale surfsge
48 Lesa than for pontworilioaite. ¥he busal spacing Of vormt-
oualite smﬁ;giéms; rondn 0 show a copbinuons rather than s

step~siae lacrease with the nunter of eackon atons in the
atiyl = choine Bouble layer gopplexus of verniculite have been
obsarved at high sclute Cconcentrallons.
(7) Snere 1s evidense to indlonte thot partially exchanged
monsmoriilonite cryetals ave compoaed of "Igorganiec mn righ®
and Yalkyl enmonium yich® lugers oo shown by Jarrer and
_Brusmer (63), Thong ot oL (89) and otherss
The biayridyiiun halides, -ﬁi@a&%,mﬁ ;ziég‘aqu&t,, are
pevhane the best huown and most widely sﬁnd‘mﬂ manhers of the
aabiogie 'waizf@eic};@ fanily, betauaoe of their vorantile use g8
broad speclramy oontact herbiolides ell over the globso. Humsrous
solentiots have contribubed 0 the litorgture On the sdsorption
anrd dgeorption -ibﬁ’ifz‘@ﬁmr of diquat and poregant with olay minorals
oo resing qud ﬁmﬁ;r important findinge are samparized belows
webor ot ol {64) ctudied the intersotion of diquat and
pureguat with mostmorillonite and kaolinite and noted that the
harbiciden téﬁm taken up by the leyert eilicates upto their



snchange copaclilioss The pAsorption ﬁfaﬁt&mﬁm balong *Iss_ whe §§~v
or high affinity ¢lass of Giles obt ol (65} suggesting very mwm
adgopption and vwere insensitive to varfation of terperaturc. ihe
spferred that digust and paraguat were adesrbed by an i~
oxohange process, roplacing an eguivalent antunt ng :ﬁaf é’.m%;amy
pragent ot the clay surfaces -

Hayeo ob al (66) iavestignied the intersetion of diguat
sad pavaquat with 84 X HgBtand 0a® rorms of kaolinize, 111ite,
pontmoritiontte and vevaienlite and coneludsd that the dominont
factor in afsorpiion on the winerals vwas a nop~spocific interae-
tion betweon binyrddyliunm cations end the chavged clay latiiee
and supporiod the belief of Kaipht snd Tomlinson (67) that the
fandarental mechanian of adscrpblon oFf both the herbioides On
the ninerals wag ontion exchango. Prom miorldealorinetolo stndys
Haves . ot al {68) olse reporbed that the adsorphion of the
bipyridylium ions on Ho-bontonite is exobhermic while in Ha-
varaniculita, the adoorsiion nrocess is onddthernmics

fouever, atthough the cation exchaoage 18 undoubtedly
the principal mechanien underiying the upbtake of Thess bipyri~
dylium dons by claye end ooils, recent wltya violet and infra-
ref apagtroscopic Moasurenente by Hosue of o1 {69, 70J have
inticated that charge-trannier belwesn the orgnsic cation snd
the anionie silicnte, framogork nay olso b involveds

E=roy Affraction stuadies (64} 07 the elay paragued
oompler cugdest that thoe herbiclde ontion is intercalated by



aonteerilionite aud the plone of the rings 1lies pavdilel o
the eilicals loyere, thae offording close wvon deovr Yegle contact
kotwess the molecnle mad the olay surfass. o interlayer peonew
teatim oveurs with kenlinite. sdacrpbion tollag pleve only
on oehoronl basal and oiige surfaceos of $the oryotalse Chiw
S1ffovencs In the Iocabion of ndsorption sites partly accouwnts
for tho obosrvation thet sontucrillonite retains odeorbed psra-
angt much more £ixsly Sthon Reolinite.

The genaesl Behaviowrs of the upteks ol retention of
soraruat by ¢loys demeribad ebove have boen condirsed by the

work of Tosiiness and eo-porkers {(6V,71). fhese authors have
insvodnocd She Sore Yoivong alowpbion cagmoity® (843) which

in the éag;éxﬁi@:f of the aleorbsas 0 reduos the anowit of horbi-
aido in gointion %0 2 lovel vhichk is chendceally unfobectable.
The practicsl necfulress of 1% is ghown 3y the finling that the
282 corvsmpends 0 the copaeilty £0r herbicidal lnactivation €0
within ot 80 per cent (67}

Hoed and Seher (72) have luvenbigeded In detail tha
ef€ast OF misorbeat charge and the kinl of exchangible cation
indtinlily presmt in wondnowillonibe, verslmiite aud Kl
dapletoll mioas oa the sigorption chornctoristics of dignat and
axinys exchange Ly montwerillonite

paraiunts hey adted that the w

wag oloos 0 the sxehangs Sopavity of the gaswplo beiag Ittle

prabin

infinenced by the natuve of o sl

i organie optionay



while vermlioulite ofstrbed appreciably less than ite szohauge
eapecity nad ondy 1S per ceat of the eszchang® capaoity of the
macovits susple wos gatisficd with dhe herbiclde cabiong.
Homovoers the sxtent of aisorption with vendenlite depended

on e sabureting inovganic oenbilong doorsasing ia the seguodice
wi>0aR st
To order 0 sxaming nore ¢loayly the influsoce of

Ince charge dennity of the afstebsnt on the competitive.
gdaorgtion by ion exchaage 2f dsuet and paroguat shen thess .
organio eabions are i’xét}rz pranants Goef of QL [T5,74,75/) deteor-
ninad the exchonge isotherms for the horbicide cations on &
serdes of 2yl loyer silicetos with verying charge deasitiog.
m@y abserved that paroguat wes preforred 4o diguat by all
montnopilloniten ot with vermionlites @é.«" zzi:ﬁ@af charge denaity,
thin pycafereonce wag apparontly restrinted to the cxtemwml
sryotal sarfges ﬁ:& & roversol whg Observed for the Interlgyer
syrfade whare digeet van sreforenticlly foken upe e chnrge
sontres of the cations ave S-& 47 apart in digust while it is
7.3 2° in paregaat (78). The preference for one or the other
of the cations by the lsyer silicates wae ielated o tho goo-
oetrie "£itY Dotween the chaPges On the casion and those on
the clay in that the cdtion whose charge cenbres eoulad most
acurly approach the admorpiion ﬁiﬁé& o0 the ainoml surface

wonld be preforvefl. These romlie indicate that the uegative

T



choerge on the layer ailicate Iotiicns are diserste and relativaly
el ax provomed sariley by :‘éiwamgs at ai {76} nud ore not
amaared ant aw sugsested by gome workerm {77).IT the Iatier
wwre tho onse, the differentigl aalmtiviﬁsf by various layer
siticsten for these twd ovgenic cotions wonld not imxm bean
ohbtnincte '?hﬂe:tz and gtegorzors (74,75} have fo ﬁh@r axbonded
the above apsiyeis to a gresntor mysbor of olay nminoruls ang
4011 olaye of waxying chavrgs densitiss. Thogs workers Obusrved
o winple linear velutionship botwmen the charge density and the
extsat of nlsorption of e organic eations shea oxduuye ig

satrietsl o oxternsl wgﬁ%ﬁs& mrfgaaa, auch as in oolippped
| wmiwlzm %0 gad Bicnge

e phytotazic effect and mmmm o plests asd

mﬁmargmﬁém of Aiguat and paraguet adsorbed G different
elay winarsl types hove beeu siudied W Feber nud cb-uadTXers £78,
79 80,81 ). Those suthors have noteod that thens orgmaiec cations
in the aisorbsd ataote with nontsepiiloaiitc cphaot pilgaificantly
3uhibit the growth of youus plants such 08 cucupber mesdliings
£78,73) or bs Sesoupogeldl by sdeovoorganisms {30) whiis thoge
harbicides when adcorbed on kaolinite and vermioniliite oan be
- glowly rolonued 50 the surreuading medinm mnd thae aliect slant
growths This 1o Sue $0 4he fool that those herbicelds entions

are intoveninted by montworillonite vhere ao in katlinite,



afaorpbion is vestricted to exbernel sorface only L62,71). Fith
vornioulite, houwever, slihough ianterlayer senctration cccuds,
the extent of interedlation v limited ns umoplobte exchange for
the inovgenie fons Initielly prosent ig uot aschisved. Diquat
prosent o montoorillonite mofncen Uay, howaver, be oade aveil-
4 Op g@3i%ion %o the systen largs ovganic eations

abtle to plan
1ike He(4-pyridyl) pyridyuims ioss cepabdle of afsplecing the
afoorbed herbiocide (Ti)e

The desorpiion chamgeterietios of the various aanples
af the herbicide conplexes showed marked Jifferencss sad appa~=
pently there haog uot boen wnonimity sbont the dlsplacenent of
the herbieide from tho alsprbed stebe. Manderburk ot sl (9,
63) ahowell that slution of adsorbed pavagust and diquat by o
aatnrated solution of anmonium fonc 413 20t doour with monte
morillonite or beatonite although 4t 4id with o woll sample
@ with kaolisites Heber and Soout (¥5) fownd that the adsorbed
-herbicide conld bo displaceld frvun Kaolind o i 1 () erien
Chloride. Houwsvors Dixon awl co-workers {84) reported that some

¥

daeslacensnt of Alquat £ron moatserillonite wes possible when
moiar stlgtions of ¥ ious wore used ae the oluting nfente If
seens likely that some of those difforenves m Behartoue ware
due t0 differences in sconcentration of the cabion wid the extent
0 which ke doys were saturated with the horhicide.

talanori sng ﬁa&wﬁi {853 eompared the 1’91&%?@
oftastivenons of Mg, gl 2a®t MgRomt Ha for releasing paragnat

[ 4



w5l e

syoviously sisorbed on five different olay mincrals ot vaiving
soncentrations. £ and 28§
the othey agbiony efndied, but oo saraguael was Pelessed whon

ite eoncontration oz the oday wap below o certals 1ind%, whioh

waricd sopnslderabiy wiith the fyoe of $he sinorels The rolanps

wore, 44 genorsi, more effsctive then

of digast aad paraguat fron 9oils by omoa
Opnengon {861 4o define Twn degress

inm ione has boen

need by Tnekels Yotk and

of ndsorption 9 50il. 4% low concontrationg, ctnplote dosopp~
tion of %o horbicide 3o posaible by bolling with I8 {8 Eﬁgﬁ&

{Sightly bound horbicidn ). 4Go the concenivadion Incrsasen;

& portion of the diauat ond pavagush cas be desorbell by leach-
ing with setorabed somomius ohloride {“loosely bound®). A% high
lovales the unbound herblofds can be leached wish watars The
correlation of the Muding abrength of the berbiclde with i%n

' avsilebility %0 plsats hng besn Teporded YW Radasili and
Havtelli (87). Corbin, Wpohurch wnd Soloan (83) showed that
the phytotoxity of Giquat and gmg;gaﬁm highly oPgenic soiile

ﬁ&&m&%ﬁ when the oE wns iﬁ@gam -

The adeorpbion and desorption belvienr of diqnat and
paraguat on eight evd-sons soils of Saden wove studed by
Gepmy and HosSale {88). Thoy obsorvel that the sorotion daby
o8 the horbicifes confonmed gulte well with the limsar forn of

Tomguuiy oyuRbion snd Tess thon 1 per cont and abbut 50 por csnt



of the afsorbed organic cations could be Poleated with water
9% berbiside relained agslust o gncconiive oxtraction with
(W) Bally sniubion nearly sguels the 350 walusa of tho solls
used Led the euthors do suggesd thet the adslrpiion ¢f theee
orgasie sabioms lavolves two mechsnians. ’
Ope of thzse io doninent for the BAU region while other
4w domingnk beyond that vogion. Wober and Soott (78] ropopted
that less then 155 of the adsorbed 4iguat®™ or paragust®twas
rrlensed from iis Fespective complex with montmorillsaite by

doretvery the fpet that the andmab

5Ly roupettivelys,

-

o single eguilibeium with apows Mfﬁaﬁ;&ly fivs spmackyy of
0008 {53 shiloride svlutions of ﬁﬁ?" ea®l %‘éﬁg o }‘;,’*"% On Bhe
asier bhonls unto 705 nas deporbsd fyrom the OrPEEIOn ding verni-

epiite complozoes The acingl proppyiion displeced depends on

the kind of eleck

, POl yse nosad, Goorpaalag i6 the ordar %3&2’5&133
Sz.%g >£ Lar paragaals Eiﬁﬁ@aﬁw:@ﬁs A %@ﬁxga densiy aad hence
tn dutevehorge seprenbion 0o m@saxm@r &m&?ﬁ‘m&&, together

whih W&@%im i stabirity of ecgtion ~ water susesbliages in
Lhe im:wl&wr* %ag:ma. wors invoked %&f Fopd aﬁ& webar (82) %o
aesout 2or these observetions. Dizes at X {84} hawe sleo
roported siwilaw i fieronces betuosn mﬁmﬂnmﬁm and verste

culite aouploges with Aiquat in thelr respouss 5o S —

with 3{8) %01 solutions. Hore reseatly. Hsvise and Gy {90}



it

frave studled the inmtersctlon of diguat =nd paragust with beato-
Gite and noted that the adworption of both the herbieide cationsy
waa vory esasitive to ionle strensih variallen and the gleowption
fsorensed by 569 ag the lonic streagth inorsassed from O to 0.5
mo1es/11E T8

. Quy ot al {94} have alsy weported that the percentages
of parsguat roleoased from the bentonite complex by G.4 (M)
solations of CaBl HEET By In's o1 and Ai were Cound %o s
 Bediy Ba0y Dady 847y 1409 and &1 respacliively.

Begty Uober and Weed (92} situdied the competitive
,:aéﬁﬂ?m‘éimz of diqust aad paragual o strong and weak cation
exchangs resing, ond observeld that digust waw géafemmially
,gés oybed aver pamaguad by IR - 120 rosin iz&tz‘éag acid) while
the reverae 9ffent was noted with the IRC - 50 resin {weak goid).
Proforantinl adsorpiion wam atleibuted o the relavionship
botween surface cherge denpity of Uie adsorbonts and the cation
charge gpacings as well ap storis hindreance due to the bally
oize of thens eatioms. Mavtheraores Heber, Hard and Sesd (93)
showed that souiliteation with delonised water A48 106 reaovs
dgtoctabls agount of Sigunt or parsgwet frop IR -~ LRU resian

the rosin with 3 (M) Sediws Shiorids sclubion.
in & molecular scale, the phanonencn of firn adsorgtion
i3 assceiateld with the shape aod charge diatribution of the



varaguat 1on. dhy teo pyridine rings of po
aboxt She inberring boad ond rendily assunss s cOplonar siruc-
TRTS e & provoguisite of horbioldsd aetivitys This {iat cone
o purabion uadoubtelly facilitotss tholr iaterspotion with the
clay ineral surfavese Pavamat is highly polarizable end ite
aorael charge dipteimbtion is distopted in the vicinity of the
negatively charged oloy curfecos thus chuyge transfor ocomplezes
ave formed (63), reinforeing the normal coulombie sttraction
foross. Pavaguat 1o realdily &lsplaced quantitatively fron cation
exobruge vaging {93} -aal 8dstinot fron olay sinersis w:ich further
sucgeste that othor adeorption LOrdes, In addition 1o coulonble
foveeony ure involved in tho peraguat clay systanm.

4oy 4% appon®s fron the roviey above that although the
adsorpbion chargeteristics of the bipyrigylicn herbiciden on
tiffersnt oloy whwrals oad catlion szchange rasing have been
oztousively investigated from warious angies, siuilar astadics
on Saponite (s synthetSc heotorite)s chiorite asd moleculsr
Seriatics of the
hapbicide dation from the afaorbent vatrices hove also not beean
very ayateunbleslly studied with different inorganie snd organis
cations of varying aise, chups sad charges Our iuiowlodge of
tha physiceo chomical sapests of the desorpiion procopsas of the

et oo rotate

siove are obil) lacking. Yhe desorpiica chonw

ovganic herbicides ention fron the olay aud resin surfaces by
grganic 10y is g8ill mesovd. It de in this sootext thot an



nitonat lias been nede in fk&&aigmﬁaw Inventizotion o study the
sorption andl desorpiion behavionr of paraquat oa and from beuto-
witey vomimmlite, Daponilty, chlorito, suborlite IR - 120,
smborlite IRC = 50 and mploonler siove - 13X by monowalonk and
bivsient fnorganic and ovgaaic fong of varying sise and shape.




| A nnmber 6 approavheos, ’%aam gualitative and guantitative,
hava beesn .méﬁg $0 aaﬁgfma& the equilibria betwesn an fon
eyehanger and the Ldus in solubion (Dé). 4 weview of catlon
exchenge eguntions a8 they ave bolng need in soile aad ia @?&ax
erchangers has been done by Bolt (95) and HolfPerich (84} and
their applicability to solly discussed by Bahuook £a7 ),
w:pwm@@nm wers performed ia which tm iama eoncentrations
were vnried and the masul% saggested an. exgamntial relasion~
ahip h&*&;&m the ions adeorbed (or doaovbed) snd the concentras~

tion of the exohanging im. Lindtnbious Exa;ve bees tacitly
a@aggw& in zost mathematiosl treatnents of exchange Yenobiong.
thus (A) the simuilianeous ﬁé@ﬁﬁ*@% of both cation ond
anion exchunge reoctions i a given system has been caxzsiﬁer@ﬂ
B9 & rore oasae, (B) the oxshange enpgeity of the cation of
anlon exchonger m boen gumaned “é& be constent, thoush csses
are known vhers the exchonge dupacity veries markedly with the
ohange in oM ond the nature of the sxchanging ioa (G) simple
stolchionetric gquivalence botween the ions taken up ond relessed
is genorally anoonied 1o be presout, devigbions ave umagily
ezplained in terms of simulboneous adoorption and formation of
complex lens, and (D) finally the porfeat zfmrsibiiﬁ.%y axiste

in an oxehd

iZe procons wnder cond dernbions



g Tyem

O this bavia, wplions forsm¥ations simllay to Pramdlich
and Daugmaie's adaowption ogantions (isothesns) wore propoest.
The Froeadlich eguoiinn is amperdesl sud cma be exprecsed nw

b

ghpre *AY is tho astont of adsorbobe fabwn wp by 'a* gn of
adaorbonty 'R sud 'zt are conslants cad YO is the adsorbate
copcontration 1o solution ot eguillibeiude.

wotauer (08) used this sqmtion ia 19i8. Mt this equa~
tion has Hwo lﬁ%ﬁ&%m. (L} 4% doen aot Llatten cut at bigher
valaes of *0¥ an g syaten of #ixed ozchange capacity showld,
and (11) it ehome What the oxchange varies with vardintion of
totel wolune, where ae Welgnur (28) shousd that She position
of oguilibrinn way independent of volung. Velgner sud Jsnny (990,
Lousvary in 1587, overcons the sovond objection and wedifying
the oguation ae ‘

% = k(%)

%0

Fith She wariadle chargoter of two conztants jacorpsdrated in
thale aguabion, o ool agPeermal fw Sften obtalinsd with sxpori-
saiba) data over o 1lulted ranges Howevor, Norsnsll (100),



G

has ghowi thet 1% 166 ouperion oo Pegerds *BY buy L varied
0
erraticallfe

thomodynasic priveiples and was doveloped o deseribe the

maly ieothorm io based on eonnd Bianokis and

adsorption of gases cato solids. It assumes thad OAly BONO-
aplacnlar afisorption takes plroe, thot afeowpiion 12 oo localised
gsitas, that there are uo inteactlons botwasn ajsorbate molew
eules and thnt the heat of adsorgbion 48 infcpendant of muzlsce
covorage. Yhen ¥ in the eguilibriuas wilume of the gas adsorbed
mer ands mges 20 adgordent ol sfesture Py then

"o T e R R N RS

3HEP

whera B Lo a oousteat é@ﬂ@tﬁ%ﬁﬂt o Bonperatures wad ¥y i5 tho
volnme 0f e gom reiulred $0 glve monclioyer coverage of unly
nass Oof gdacrbent. Shen sppiicsd Yo gdoorption Trom soiution,
thiu squnition tokes the fora (1401)

- - {x/ﬁ}m - xc e

-ull - ¥

» At Ka @

uhare 'A% iz iho ewount of the sotute aduorbsd by mose 'a* of
sdserbents 0% e fhe ogeililntipe solniion concentration, 'K*

im n rongbents s (= ta the monelayer vopachty.

.:-.-:.-s» AR



By nze of the roclyvGes] ooifeesidny e bW auorblon Benoies,

R 6257"—;) - K(X/T’l"jqnwx %1- (X/m>m%

ight 1iae and a

$u o pint of 1/2/ vorsus 1/0 shoull give a sve

alope of ; 3‘

) “umg
& winiley fype of sqouation 4o the Longmeirte »ith teo

tanta wove proposel Wy Vegeler {108, 105} s

where £ w anound edchonges a = olectroiyte added

[ and ¥ o gonstanlite

Appitcation of the Tongmdrts adeorptlon sguation to eation
ezehonge in 8941s won initistefl by Yageler (102) in 1952. His
agnation nopears 39 Be an errchetnd atienpd $0 rasiele the
Enagendy ognation o tornp oF suougie of the éation wided to
the aretesn wather %&aﬂ it mmma;m@wa of sguilibeiow. IH
may be shoyn thad only shan the ratio of fthe foraard and baek-
vaed pate oonsdanse de clome 0 unity aueh & yoalabaoent is
ncesptable gud im olk other esmes 1% 4doos 204 asgoey 4o b8



salde fron Yagelar®as oguebions the eriginal Langmair
@uatitn is in it oimplest fomn umeless £ov cation exchonge,
a 1% Jdosy ndt take ko considerstion the competition beluses
the catioslic apsvicse One mey, hosever, Iutroduce thila competi~
tion effert into the Ioagaulr eguabtion wather simply by ueing
Bawrtn {(304) and Sapon's (208} eguniiona ae a staréing poink
{95). Howovor, shopld en ion-ezehnnge mechapnisn prefominate in
the ndeorpiion propess, the linear forme of the Langoulir and
Fruendlich eguations would not be obered bocause of coylombie
effects fu the adsorbsut. Thms, i theory st leact, it is
noapidle to distinguish By meons of 4iffevent isothera syustions
batween ionic md obther mechanisns of adoorption (106},

~ %he 1on exchange formulatione ave umally based oa

throp theories i.es (1) oryatal lattice theory (1i) double
layer theozy oad (111} Donan sembrone theory (107). the omly
ﬁiﬁﬂmﬁmﬁ in the various theorics are the poaltion and The
origin of exchenge sites. In &1l cases, this site io essentislly
a ized, non~diffusidie lomlc grouping capable of fowming aa
glectrogtatic bond with o smell diffusible ion of opposite
charge. She case with which $his lotter ios may be replaced
dependa on tho abrensth of the bond, whioh varies in a maaner
sinilar to the discociation of wonk and ssrong electrolyten.
The lows governing the exchange of ioas in those hetrogencous
aystens are analogons to the lavs goveraing the sointions of
ploctrolytas. '
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Jenny (103) savisnged a kinetic condition on the surfgce
ani derived from etatistical approneh the equation below,

W = + (8+N) . CS-!—N) — 48N O
- 2(, dw

whord ¥ = auwdber of onbione exchmnged at eguilibrium
¥ = gumher of estione sdded initially
& = gnturntion capncily

# o+ J = CORSTENTH £0or pach 108

Hor-sinilar ozchangs propertien of the Wwo sxohangiag jons,

R et S 3

S+E

B

ahioh 48 guite sindlar 0 that of Vageler (102, 103).

& mors vefined approech ves fmbecdnesd by Dovia {(1089,110)
el wppliel 30 sxchonge On aOil Cloyo ly Hrlekuemedrly ond
Oyseatrent {111} Tmie osasidersd the probability of veslacew
nent of dabione elith different waleasy ou g wegular sreay of
pogetive polat chaTras as suopresd %0 55 prosent on the exchmger
surfucas Althongh, Davis, inilsates %hat his teestunt zhogld
snoly 0 9 osRiavar i the widoat vewns ¢f the sard io each
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snrface chorge 48 boing sceompaniell by oas counter ehzrze only
in %he adsorbed laoyew, it appmare "’:%?‘Eé% other assumptions inherent
in the troatmant ass 8y cbutnce of auiongy gxmhabﬁiﬁg ol
révlacesont belng baced on g mgealw array of thae position
avallablo for thoions, s mma%& oply i ous considars &
monoloyer in 4 norrow usosos lege localised mondloyors

e firet nese 91 the law ©F segs gebion I2 Lformulating
ion exchaongze as o eomplelely reversihle »amcotion wos sade by
Sonsoen (112) end Eerr (104), inventigating speoific maes aotion
sgoations L0y uni- uatvalent and imi- bivolent oxchanges aw

?‘*éﬁ*:——“‘ Y+% - mmg*\__ x+rax? f
LRI e £ s [&] [¥]%
RiETE IR

The har indlcotes the fon in tho egchanger phase. FThe coustants '
By and By are tormed ao selectivisy cosfficlente. The ionie |
torse reorogont eguilibeium coacesiretisn in soluticn. Bat
oning 0 the lack of knouwledge abint the asctivitlos of the ionic
species in the sxehongor phoso, :é:%:w equilibriun congtant oould
only be evnlnatef gualitatively o capizioslily. Sagman (113) |
and Gregor (114) pointed out the ALfficuliles in terns of awell-
ing sad volume change »articnlarly of the regiow. The mode)




iatrodnced by Gregor (114} slthough themodynanienlly less
well~cabebl jshei, trings sut clesardy the physical sedien of

8¢ mass sction haw beon made by Boyd anf co-workers im}

in which the "eolid aciution” iden of Vosselew (116} has boen
£he basio ou the spanswdion that the fon eschonge i o “aoiid
aolubion® proveus. Vnnselow, visuelizing the nmonolay sy se an
fdenl two Gimeapionel o91id cointion, assumes thke aokivitiesn
of the two exchauger compopents 46 bo proportionnl Lo thely
Ponpective moLe ~ Lrootiond.

In the atove formilat ﬁmxh all the exchosge sitas uere

e A e BT VTS T

assumed 0 b of egual voduwe Tonbte Yesrding whisy ware firat
clonriy expresesd by Yeigner {157} oudt his ev-stzkers. In ovder
% exdlaia some 02 theiw exg@emxﬁau deday thoy postulabed the |

sxisbencs OF Ioonaly sl fisaly bogud lousg on the surface of

iy Baus axod

xpere Bithont the paocsugey ladopmuntlon yemarding
the aurf&m:a chavagteriotice of $he ilicalen which Ylegnuy used
Lur Ll wopi, Be Bad 30 nvoks. She iden oFf the existwmeg of
wieroporaes, adges mid cleoagwigese 4 romapk should be mﬁe hera

on the assuued reversidility of the ozchsnge rsaction. Thore is

evidence Zhas corinin exchangs vesotions are incompletely
roversible. The obvious eznople of such a systen is the adsorption
of potassium by eortein day ninersls. Zhere stoeric factors



infinence thoe roletive affiuity of the clay Zor differoat onbtions,
whiich ncessaltntes the recognition of a raage of sitos with
4ifforont valative atfinity (118, 118). Ths fack that often the
ontionic composition in furs infincnoes these storie factors
{by a werying degree of oollspse of Yhe cryetal lattice) sugoeets
% copaliferable dagrse of hysteresis lo uxchs
ving intorliattice ailtvs.

Atbempte o wutershond ion exehange renctions on the
basis of slzotriont double leyery ae postulated by Huichorjee {120)
yields no donbt guaditative reenlts mat the concept in many
sugnactsy cforng botter wiith obosrvabtlionge He ssopnad two
anbogories oF exchaugonble 1ons, the conotieally active iong
which constitute the nobile sart of the doulds layer sud oamoti-
eglly dnactive ones constitublog the imacbile part of the double
layor. The relntionship of crystallise structure of dlays with
thatr cleviroshenionl propurtiecs snd ion excbangoe clinvacterig~
¢ice hos beon studfed wilth fundemntal detells Yy Hukherjee and
witra (12%), Hitra ond Bagehi (182), Ganguli and Hukherjes (329)
aad Chakwovartl (124).

Hopever, in a nore detniled siufy of the sxchsuge behaviony
of soil moburinds, the oonolayor titdsl squetions 20 ot offer
mach porspective for interpretative usegs. Jue chould then sathor
nSa, the thomodraneic method of preseniabtivn ag auggested iy
Haines m@ Thomss (125,126). The moat promising uodel for the

nge reagvions iavole




denorintion BT adsorotlion on auberncl cuyrinces apponda, howavar,
0 be a Stewn-Bogy double Iayer approach aloag with lines as
gaod for the homovalent cane by Hesdd of s1 {127 and furthor
advageed by Shalgberg and Kewpor (188483)¢ Zxteonsion of thie
modal 40 hotrovalent exchange will fawresse 1t complosity con-
aidoesbiy, a2 bty the Irgedtion of the muldivaiont Zone in the
Souy laper and that in m Gtown layer will Sepond on the
vloneys The contribtution of Shainborg snd Reuper (128,129) is
of groat iaterest sz an effort to estinets the assnitade of the
pedr ~ foematlion copstenbs on the basis of the phyeisael propor-
§ieg of the dons and presents an Inporisch stepfovward in the
proeges of griniey wndcretpnding about the sature of the cglion
- gachange equilibriun in clay Byoions. -
tSoawiderably progeese Ban slad been ngde by others (150,
131,132) m the fortulation of ion srebanis egpdlivris on i

Plaseoay pnd cuesliilotize banls. farthey progryss st awnid
uag sivaines I the Plolde oFf companirated aolations of simple
Faatrolyier oud atlablsy anomesliaied yﬁ;g@%aﬁmw% 8ol
- Sione whieh bao boen abtsppell by Fuoss (185)s Nalchstuky (134)
and otharge .

In the pressnt thesais, on atboupt ham beon male to £i%

the afsorphing duts of pavasgnat on bentonite, vermiculite,
whlnrites Taponite, wnition oxchonge rosine and pslfoculay siove




in tho Loogmulr eguation and the desorption date of the horblielide
cation (paraguat®] from 438 respeciive adsorbent complexes ky

monovalent md bivalend inorganic ioneg in the model of Panley
{135).

aniler's Hodels

Fauley hao inbtororeled selsoctiviiles in iﬁ# axehsnge
eguilibsie io the lsngosge of & very alople model. Ita emsen—
tial Tonture is tho olsctrogtabic stfraction betwesn the chunter
jope mf the fixed Ivalc groupte It i goouoed thet a1l the
eonnter 10mn in the LOn wiebangey ove found ob thels Sistance
- 61 ¢logent apyrosch %o the Tized iosic grovve. d@itiag AR and
¥ for the potrve of fized iopic grouns aad counter ioms gt the
distanse of ¢loggal approush, One ean spilt the sxohange of A
foy B 450 tud pescosmans

B+38 - > BR «e {2)

goulonb’e law {withons any covrection) loade to the faizmna
vesalia for the aﬁm PrOCSHGRs. |

' 2. |
o e — € :
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9,
and 2 = € _Jdr = — & v L8)
and A 2 j € ev 18}

whers A &g and Af}% are the free omergy chevges for the pyow

osusas {3} aud {8}, @ = vloptronic shaegey ¢ = dlolecivrie
oonatanty P « Algtence from the centrs of the fixed chisiegs

f = dsstwwe of the ¢losest sppropeh between counter ien 1
ot fized fonlc Lroups Huto the Gvwerall Oreo oneryy change fTor

the while provess is

AGI:‘AG”-’_AG'?'— (—-;B s LB

and the thevmofynemic oguliibeiam constant Eﬁ is

1 KE = AGS _ e (1 LN . e
= - — o °

T BA KT KTE aB QA

In the semtongs O sasboue welvidsnd aoushey iome "1 for au

erforanss M0 de o Liness Polationshis chogld

i&"‘ £l -sizm‘( a2

ad
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#or audltivalent longsy the ealoslabion is a0t gulite an
simple bspanse assphptiond must bo asfe as to hox the {usiveient)
fized lonic groaps end polyvaleni couniteriona ave paired. The
wodel loads quelitaiively 10 profereance of the 1on exchsiiged fop
mﬁtéﬁi@ﬁ\% susiior a® velues mif higheyr valencys |




& tPae i@new&mhgs@fﬁ sguiiibrian is completely reversible
and may Yo approacheld from both sides of the rezction 'eéeuﬂ-i*
bﬁuﬁ provided that cortain conditions are observel. Those condi-
tio6s are doterninsd by the solectivity of the ion emchanger
vhich in tuwn ie inflneunced Yy Domnan offects, specific interse-
tiona, steric effectem, ion oszociation end olhey ign-suquesiers

ing oPfocts {106}, thore theos offvels are large the eqnilibrium

s%?éil favour one plde of tha renction. Specifie intoractions and
Donnan effects lavrgely determine ion solsctivity in most sitos-
tiong. doneific intoractions {ag. hydrogen bomting, vsa dor

Haale Torgosy charge-bransfor Hrocoioas, olc.) can produce secon-
dary afuorpfion ioteractiogs un the -ﬁmﬁémﬂz& bound by the
sxchamgods Shoeso facranse the saleebivity of thw adsorbent foF
the adeorbsd lon, ond thig ioa i5 then s preferantially

doppite the preosence of high concentrations of counterions in
motustion { 136,50.06). {terie effecte cpn sizo influence reversi-
Bility, as ievi&mmﬁﬁ in fop=tEapping effectu. In Sone systems
isn~seguestering effectn (including ionw-pairiag, complcezing mad
pracipitation) ave imporiant in doternining sclectivity. Gsaersily,
the niserbent profers the ioa which nosocistes least otrongly



} wont strongdy with the adsorbont {%}. & number

of workezrs heve thortsehly fovestisated the sxchaige proparties
of the cloy oinevnle, Tozing and milovular sloves and thely
mﬁmﬁs&%ﬁﬁcﬁﬁ@w boen woll entablished. The fallewiog

sonpPelinvbione noyr be made vegeriing the teudesey of a cation

2o grchange onko o nepative sarfooss There 18 an fperosps in
sxoimagesbiiity {8l with decvensing Kydrabed ivale rodive mnd

incresning piarizability, (k) with deoressing suse of sabion

hydration and (o) with inoreasing ocouaterien *ﬁ%%

The above oriterla, howover, 40 oot bold good in catewm
“aivore sone speolfie faterscbions toke places IR sccordanse with
ihe abovs Cheervations, the order of dacreasing preforsses of
‘alkall metsl fong for fon exehange oato nontmoriilopite (39
.am, iu&wl‘.{#s}y vezniadite (367) and kaolinite {158, 189) ig
TVE Y <:1a< {ﬁ& = The soohmige of ﬁi%@ is complicated tsgf BRTEL -
el adetrpiion of asmonia {160} smd £izstion of ﬁﬁé fon {16%).
It wae Chasrved thad m;%' ism held mevs wbrongly than fa (182} op
syery BY {183}, . ) .
- Bnilarly tho exchongm of §§ ‘Eﬁ alsa mmms.meﬁ za to

7"\»1?

- #is athasy oats olay latiion, #loplecing alu?inian or magsesium
ions whioh may W8 *ﬁaﬁi"@ﬁ uy by the mea;‘:zmgﬁ siton iiﬁ&as&}w I%
wme reoorted thet B in apperently preforved over woms dvalest
oabions ip don :&gﬁmﬁgﬁ o :mz&mﬁz?ﬁm@aﬁ@ wad olay ﬁﬂ%iﬁi&%:
166} swnd over cassina da vessiculite ilﬁ?s » The roporied relation



el

orfory of exchange on moRtoorilivnite ave B< 08 (148), E<H
Bt (187) ant EX @< B g’ (40). Under conditions which
mininicss Alessletion of olay Wy aeid atinek, the corresponding
orders wove HXHaL K (140) nad Ba<H < ﬁﬁi {182}, Zne segusuce
of axehangs of aﬂ:@zﬁim garth ione on clays has geiwrally bean

rosored ap NelX B X caft sxt K Ba= (140, 143, 162, 167 - 177).
The poverss oxler is somstismes found dn veraloulite (174, 178,

179). Zov the exchmge of Mvalent transition mebal ecations on
fmgs, T mrfar’t& apdervs of prefevence ave o 2 &32.2 =2 ?‘;2
el en® o (180), ca®%oe(11)® (181) mna gi‘?@g {176).

5 :gaﬁamtiamim;w b2 mate from wiudies compsring the azfhange
'éf monoy 81 an?d trivaleat cabisns on dlays Mok thore is a pro=
ﬁmﬁca for caticas of bigher charge (40, 137, 143, 143, 1486,
147, 1606, 463, 175-375, L81-180) althoush there is exception
4o $nde soende In the meual Zeneral parpdse @ation ggehongerss
h mla@ﬁvi iy seguence of She mesh common e‘:&twm i# xhﬁ")
2575 5% 675 5575 %5 0a®5 00" S un” S g S S ' a6 0>
HSE>TL>EA>TA (167180}

o Uader sapitable copditions, most orgauic cabions are

capable of replacing the isteriaysy inorgenic cations, occupying
exchange sites in tontonites vemiowlite md 1231ite minerale

' e oxchongs Teachtion is ololchiometric except Dor aome
bty catione whon a cover=upy offect {80 may Oparate. Studics
on the replacemont of exchangeable sodilon sud caleiun frop



Theng ot o) gaa}. They fZound that the alPinity of the clay sﬁe;r
wnely rolated to molooulsy welshid

the organie oation wgs i
with the ezeepting of the soniler acthyl anaoniua znd lorger
quaternney anaoniun Lfonms Thum, the nore the lengih of the alkyl
waoonluon chaln inogressen, the graster s the contribution of
shyedionl, non-cmlondlo forges t0 adgorption. Withia a gronp of
nrimmry, seeoidary and tortiary andnes, the affinlty of the
alkyl snmomium ioss for the clay Gscroased in the series Rgu™>

?32&%1,3 > ity

"« Thene aifferesces were axploined in Soms of sige
and sbupe off the iong « Chemg ot ok aloo noded thab 8 vas sueh

R e aasrﬁ:g exchangod by the aikyl smmoninm iong thah wae oa=Y.

In studics ia which the sikyl comontus 105 45 roglpoed by mobal
eotions, Yortland ohd Savabe (191) ehowed that the owder of
affeotivanens in mmacm gthyLamnoninn 108 gas A% +>$a >£‘£ .
9@3‘?&&}&&3@%, Bectsmyy ﬁiﬁfx’a&m@m gtudien oo partially oxchanged |

- gystens vevenled thab the organic and Laorgenis cations were not
Sintributed aniforaly Shroughout 811 the surfaces of nontmorillo-
alte, buk that w Aegregetion of the two kinds of ims took place

4m vorions luyers. This euggests that vhoa the dispisoeneat of
‘gthylaonoainn 16n by the matel ion fpon one interlienciler posi-
blon bugins, it 1o comploted borowe ethyl:




by Darrer mnd Bmgmer {(63), SoBride and vortlend (192) ang
mheng et al (53). The exvhange of various aliylsrmeniun cations
: aguesny solution by le-laponilte has booa carrisd oub by
Yonsaat ol Pestors {1981. They oboprved that the gifinity of
thess Organic cations aas Limsarly related ¢o moleoular weight,
molecnior Size o chain longih of the alkylamnoming 100S. The
affinlsy ssquence hag basa gtiribated to the ifusreasing contrie

bution of van der ¥aals fovees to atudrption anevyy o e size
o the ions incresses (52) ond aleo §0 the change in hydration
atafc of the foas fn the olay interliayer (61e 62).

Charge Aqannily of the olay Mineral doy elaoo alfect the
ﬁximmﬁm'af .aﬁia@zbea organio cations throngh sterie effecta.
f?égm, Serratosa (194) showed by ﬁ"‘%ﬁ‘?ﬁ rad a%@i:ﬁati@m technique
'Z'.Ea't 1o pyridinign mmmmmmw, the orgimic onbion sasumed
s carixm sation wheve the rlans of o pyrifise ring was parallsl
with %ha- ﬂ%@%‘&&%ﬁ of the olay wiserdl and o rowsliing 8noy
gonciag of 2.0 4%, On the othor Boands pyridiaion-vorsicalide
has the pyridinium codlons verkieally poaitioned with Tespect
6 the clay pletdlete and & dopy specing of 9.2 4% Apparestly,
he clnae prozindity of the cation exchange oites ons to ‘another

prevents the pryridiniun x
. hecansa 0f the regtricted arca persivied for each pyrddiniume

iaz Srom asewpsing the parellel posdtion

Yhen nentral bt polar ovganie woleculss ars bound o the olay

suvfacs by other pochanisns, such sy lon-dipole interachblon,



chavge lensity would slao bs szpected t0 affect thair orientas

$ion within the interiamsller vegions of swelling clay ainerals.
The sequences of the univalent sad divalent cabions

overiap in reding :ﬁs‘«:' hig*x oapacity aad podorate and high degree

ok aréaﬁiﬂlﬁlﬁiﬁiﬁgm Box atrons acid rasing, 'E+iaa’uallsr fells betwaen

Ba and “S,'sf.f;.ﬁ For wesk acid vesing, the poaition of ﬁ;‘l"'é;agaz@a OB
£he acid strength of the Lixed aaionic groups. The solective
uptake of 54 s 84 and K by & Series of methperylic noid ention
exchnogs roalns of variouw diveuyl beszensg Lonients vas Mensured
ondar of profovense sas Li >

by Sregor (195) e 4ls The genvrw
a‘%a+>&+*” prefevguce hectas Nore marked os the degrae of

- pegtmalisation of sny given resin foreaseds Thls resin bshavionr
wes cooparsl By e anthors with the svesciation evidaeod by

e niyell mobtel goeebidoss

- Btudiss on the lon exchange ¢auilibely ia reaiue by
verious woskers {198, 197) hove povesied tiat the sclectividy
sxder of 4 cabion exdianger polymer i3 fafitpnced by meny facbors

anch as e ebracture 9 the polyaweys the nore feaction of the
. sxehanging cabiong in the polyoer phase sud the chamglng ficla
- ebzgaptiy of the figed az@aﬁge albegy Llegs Uy the chavge gud
| polnristag power of Hhw cabion end $he polowizability of the
fixed pnlonde siten and Shot O the solveut wedium (158). Thuw,

the affindty ssgudnes of ke slksli metel cabioas in thedr
axebonge venttism in aynetns solationy #A orcaslinked



e

pOlymethocrylic acld exchangors hos besn showa $0 be the reverse
of that with polysbyrene sulphonsies {199, 200) shope the ordar
1o ¢S S E> RS> a7 . It hus beon puggested ot in gy
mbhacryishas, specifie sosoeiation beluesa i comnltepicas
and the fized ioais geound, ie0. §ite bisding { 201 )y Saken
place and im acconpaniod by tho relopse of witer molocules
fron the solustion shoalls of the particisating speciot. Gith
golyetyrene sulphonate axchagers; homevery i% Bas been inforred
thnd 400 wader intersciions {200} pre of prime iupoviasnece in
datewiaing the orfisr oF alkall metal cabion sa‘lsbsmzw.
Tinfonbaun and Boyd »g'ﬁzz}m shtained as increnge in
aabroay ia the euchangsr of «ii fop w@ AR orounlinied polye
mathacryinde oxchengors and this grefsvsiee for A" hos besn
explaingd by csopsing o opocific associatlion, fs.0. site binding
botwsen B4 salt the carbonylate group of the exchonger with the
yoloase of water avlooules. Jurthers dilatonetric meamurenents
by Stranes and Geung {202) with limepr polymothacrylste hove
shown that o volame incrsnpe of noproxivalely 3 ol por eguis
wlient oveurs in the gystem vhen tstramethyl nomonins connter
ione pre meplaced by it op §a « I¥ mabor ig roloosed in glite
bindlng, an sppreciabie positive conbtrl hu%%m 0 A5° simo courd
be expoctel (203} These offocts have been asoribsd to a com-
petition batweon waber of hyfration o paion for & pogition
nsar o glvan cotion and ordinnbely to the char




i

poiariogbilities sad the aifoctive Ligld sheengths of the
onvticlpubing tonn (804).

Baskar an® Dos Konongs (803) hove resently stulist the
desorption characbaristios of tris~ srimetiylene dlasine Uo{III)
Late Ga(ﬂsﬁ.}%—*' Pron ito anberliite G ~B0 roesis cOoplieox by HOno=-
valond iuovranic fons sod acted that the exchange isothorss
ave of the D-type (206) inddeative of cooperative sorption and
the exchanging officiency of the ioad in squedcus meliym is in
the order 3 B, > 5i>8a>EDAE> 08 « They aleo obierved that
tho plots of 1og (selectivity coefficient) agalnst Both the
hyftzated donic rafifus and the reciproesl of the Debye Huckel
ton~ gise poransler, aP, of the nonovalent ions ave Lineay
gnggpating that both the garsnetars oy be wsed to correlate
and prediot the volative alfinities of the olkeli metal cotioss
for the rosin noivit.

The atrugoture asd fon-oxehobes

peoperiies of the eynthetie
zetlite atiascylar sicves has beon woll) roviowsd by Precr (207}
and Barrey (208). fhe exchange squilibric sud solsebivitiaes of
alkall asd alkaline earth aud mwre garth iong Zor didferont
seolite ion~exchongors have e doscribed by Burraer (202),
shevpy (210) and Maoos and Gremers (211). Fhelr revdits have led

%6 the conclucion that there is more extensive ion binding in
Zhoolito en compored with Yeiype, which hoe o hizher silics
gopteat and a lowow i0tsl exchongd capaeliy. The effeet of



different silica %9 sluping ratios on cation gelectivity has
Ble0 zaesm ohgerved by smos (212, 213) for g nwmber of maturslly
| 1 stracture of
zaolite ~L ond ¥ enclocse thres Aifferent kinds of intercomneocte-

socurring auf syobhetis sediibene o erysk

ing covitiss in whieh the sxobonpesble ontions are loeatsd on
4ifferent cryetsilographle eltes (204-218). Sheery (210) hus

in derms of the dieteidg-
thoa of s Lo over &iffewent oryotallograhic oilos as Pevesled

intarpretel hie exchange isotherusg

by the saply Teray stulies of Drapusard and Shoosaksy (214)
w2d by Breck {216). Since the cavilics sxe sotorsd

nad BUAART
by wiadoes of definite disennions, steric and iom siwve effects
have beon obzerved is exchaagers m?s'}ﬁmg large sabime {210,
209 ) The istracryetaliine space may be £illed by those larss
- entiong bhefore complate m@iaaameaﬁ oi the doas initinlly pre-
gent, 12 achicveds Henoe, the sxtont of exchange mgy alec be
qout of $he cations {202].

arrer ot o3 {202), “hang (217) and Vansant ot al (218}
wiulisd the sxohenge alsorption of amnomian wnd .éa;z;ﬁ of its
alkyl derivatives dn diffevent mmzw and synthelic seolitoB.

Yimitaed Yy the spase rogalire

Thay ohsorved that for sterto resoous, aong oF the alikyl

mumening inns conld

sifset o complote replavousut of Hap initially
prooent in the Sediite, s fhad the suchonge rexetios was con-
finsd 1o the large cavities in the orysbals She pazloes exbent

of exchangs decrcanad with ga dsovense in molscular woaizht ané



49

polarizabiiity of the cobions tad was alwye below the 1imdt
apossl by the mynce r%uia%at of the respeciive loune This
deoronde wag aleo grontor for the 4% m& i alkyl devivwbives
thon for sonosibkyietmenlun ions of ooumpzrable nolacnlar weignt,
aud vsS wore prosounsed in X than fn ¥ seolites. The importamce
af the afflialty of eadiony in Jdetoruisdng the uvoper 3inlt fo | !
ezchangs was Lurthor shoun by the obsexvation that for a given
alkyl comonium lon, this 1imit decwesssd with au iacweass in
the affinity of the iaorgsaic ion which it veplaced Lrow the
gaolite, the order boing Hi>HI> K> A 2 fansent ond
Vanhoof {212) recently sluiled the exclunge of sikensiimmousina |

itng in tho seolites X and Y. Thay sommlyded that for steric

raantnss fone of the ovgmnlic catisns emild effect a cvmplate

raglsoonont of B ioms i0it tinlly present in e zenlites. For
any given olkane Glesneonink 19%, the mevioun siohange capacity
dopruaces with an dnoresse in the offfinity of eatione initially |
i .'gﬁﬁ'ﬁz’r&&zz‘ﬁ in the 220)ite, The orfler boing ,‘;fgf}ﬁg*) i:,“‘; !
The iq exchaage bobavwionsr of sose drsgeltion astal fons
ixi gynthetic 2000%%s X was adudisd h,y daen ot a8l (220} md they
fopnd thgb the overnli selsetiviiy of both £ ond ¥ sselite for
bivalont traneltion metal foms inczessos in the omder §3°kco®’
<z;n, <ﬁu3t In addition to tho hydration charseteristios and
ionic radius., the exchange I governod by She coordingbion abilily |
of the transition motal ione Bence the nowe zggoﬂm% champeterissi o:tgl
of mzchange stuliss ares



{31} The ochaesvation of the lyotropiz sories though
exeaptinng e olten ohservade

{ii) Obeddenos to the Denmguulr ogustion of the data on
prohange sorpgtlion of lavge orgondc aologulase &
cimple equivelont fyaoting exchouge ejustion hag
been proposed t6 £i% in the exchange date of e,
g} cafton venvonide {(221) ut 0.5(2) ang 1,0{1)

sxteranl =23t concontrabion.
{431} Poroulution of gelecbivliiy coelfidiont.

Zzshenge asasupescnts ¢an bo written in & goncral soy
un LoLiouss o

Zi o 224' ' Z3 22

sheve the bap dénotes o Specics 1B Sho adeorbed nlnee and
By Zg st the voleonsd
Fevn the asbbve asquatlion, the selcotividy cosificlent

8 o8 4 and 3 pespacilesliye
9 expressed ay follevas

B [A]
AT LAYE [e]%2




The mensuraisht of sclectivity coelficlent and the obedience
of wmarwirts egugbion aw 0k, hosover, exelusive of one
Anothele

A1 these stundies sre confined to $he roplaconcnt of
one inorgasic epblon for anothor. There ia very little work
ni¢ cations. The exchangs

o exohumess resntions fovolving tod on
of a larse orgwdie oation fov anotler orgenic cation on mont-
morillonite had besn voported by Neatee (222). Since the organc-
sontaerillonite lo organophilie and hydrophobic, the exohange
was carried out in na isooctens 1evpropyl aloohol miztures It
gxe Tound thadt onder the copdition of the esxpazinent wpio 16
ooe cent of dimethylbcasylleuryl sumoniun c¢ation coh by reslaced
fron sontuerillonite wlth dincthyldioetofenyl amoninm cation.

Des foa Konongd and Chokvavorsy (E83-826) have shown that eationio

dyes o«g. acthylene blire, erya@al violet, ond agiashite groen
afiaorhed .?ﬂnﬁ& bentonlio, f;t?"i@mies«:s.li‘ﬁéag kaMinlite and asksoton

sen he exchasged by lonp-cheln meface avtive tons Like cetyl-
trinethyl amonien ent cetyl @;mmmznm icags In the é’z}z'asa&t
work, the desarption of the Organic paragust 10m has been stadied
with tetra~alkylasnoniun, slkene dlewsonius
surface ackive ione of varylag site aud shape.

znd Loag-chain



