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A hotorosineous &?aﬁam i3 chorachorized Ly thuzmimulﬁaﬁeouﬂ
nrogence of o mmber of diotingt ohaseo. The somvrato phases may-he
2014d, liguid or gan. Thoro may bo Qm%eragémemua ayatone a@ﬁéiwtiﬁg of
tua or mors solid or liguid phases or combinntlon of golid, ;iqﬁid ond
a3 phooots Thus, the number of euullibris nesgible in holorosonesus
syphong ie very large 9&& nhﬂ goope of otudy of puch oquilibris is wide
and of roriod intovosmd o se&&nﬁiﬁic.wmrkers in chanistey and alliocd
2ioldes Tho profent investigabtion ineluden teonles of intoruost in
cormeotion with she aqa&iﬁ&rium at the interfaco of sovaral coxchanpers
ef insrponic origin and agueous solutlong of Aiffevont oleotroelytom both
orpanic and imgmggni@g Hoollalto, montnorillonite, vermiculite, iliito;

s1lion el and hydroted aluming ero weed oo tho 90lid phanods

The intoractions at tho aolid Tiguid interinte under connideretion
fay bhe @aﬂ@&dmﬁea o hnlto ono af ﬂeve?ﬂ& fornwe Tha cleotrelyics may be
a@aarﬁaa mrsiaily o QGMBmeﬁ@ Iy iy vhich ease tho BLﬁvqtien i cogat-
t1ally the sma a8 molocular adsornbion. The chango may;howevng@azhibiﬁ
o differont ploture ag welde Eho &ong-ﬁﬁ'ﬁﬂﬁ pign ere hold by the golid

matelt with a atzrong force and Bhe lons of onposilte aicns the. so~oaliled

countor iong ayoe hold loesely in o ﬁifﬁu&e oF soeondary lajor. In the

lattor cnoe the lond may be displaced by sisilay londe @hiéiia the fonie
lioy jon~oxohonge proussg. In reoing, seoliboo, sluminosilicaton edios
tho primory dond ave essontial @mnoﬂawta of tho gelid tnbtrize

An pdogunte nonlodoe of the arphitocturg of qhaaa erehongors ore

nocongory for patisfoctory interprotation of the aqui ihrium Astn, the
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sveaeture of the nindralo ave briofly doseribed first.
Arghitechure g

£ gxohaneer [Unovalat

Clay ninerals viz. Rasplinite, mentnorillonite, i1liite, vernioulite,
chlpvito and mized layor-lattice tvps minoralg hove boon idontificd in
the vant mojoridty of nrtural goilo. ﬁ%ﬁ corraolation batwoen tho stmueture

and gXchangs proporbtice of those riasrals los boon ecatablished fron &

. eryaiallio~chenical polnt 6f”$iﬁ@'Gﬂtﬂﬂa_baaia\ﬁf'ﬁhazimﬁﬁﬁt&ﬁﬁ pontrdblie

tione of Pouling (198}, Brogg {81} Gruner (U8); Brindloy (30); Hofnann
{110}, Morsholl (161), Uondricks ond othors (1007,(171),(117%),( 176},

- {13),{243), (92),(274)« Fron those shudios cloy minerels nre recizniced

+Ha eonoiot esgentinlily of two unitos Uno io compoosi of %ue laoyers of

. elosely socked oxygons of hydrasyls Im the centro of which aluminium op

mognosivm lon io arronged in guch & mammer that the six oxygens or hydre-
zyie are in sotahodral coordination wizth the netal dons With aluniniun in
the octahedral pozltion only two thirde of the possible poaltions ara
£ilicd %o bulance $ho steucturecs It it the stbhoite structurs having tho
bill formuln alﬂ{ﬂﬁ} » Then magnaesivn ig presont in octahedral coording-
tion all the p@asihle roaitions oreo fﬂllea up giving the Wrecite straot-
ure hmrms* thc: bulls formuln L>{§3{§H}

She other wnit le the totrebodral silich layere Silicon aton is
ploond in tho eavity feownmed by fouw oxygen atons such that the letter
are in tetrahodral ocordination with i%e %ho silice totvehodro are joined
togothor in the oy b divaetions, through oxygens to forn o hexagonsl
na%wmya whileh 4o veﬂegﬁaﬁ indefindtely to Lo o sheots Tho tips of all
theo teﬁﬁah&&ra aaa,iﬁ the pano @igact;nn,

Epolinttot |
| Kaolinite i Qﬁmﬁﬁﬂcﬁ mf a ainala ailiea t@@“&hﬂﬁ&&l shoot and o
single oetahedral shoed conbinod in o waly oo that the tips of the nilies
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betrahoedrn and ong Qf the lovers of tho ﬁeﬁaﬁaafal &h@éﬁ forn & common
aayéw;'&lk tha ti@ﬁ $f the silien ﬁétrm&m&ra point in tho sane dirostisn
ond borards ﬁh@'@sﬁzra of tho aﬁiﬁim&ﬁe of the silica and aotehodral
sémb%é, Those ghoota whieh aro sontimwsus in ﬁhé'ag?ﬁ-aiyénﬁianﬂ.are
sﬁamkéa-éa& abova ho 5%ha@'im'%h@”mhﬁiéénti@ﬂ§ Taring ataekine tha
aﬁyg@ﬁé af the %@%ﬁ@h@&?&l.layb? are pleesd vory clese to tho hWydrozssis
éﬁ the a@%ﬁh@ﬂﬁal 1000, aﬁfﬁhaﬁ sho shoots ave held Siohtty by hydrogen
ﬁ@mdﬁﬂd aS o rosuld of vhich wery 1itsls cAponolon in %ﬁﬂ-ﬁ;ﬁiractian,ig

notoifies )

Uentnoxiiionitos

Aceording vo tho currontly aeeapﬁea eoncaity moﬁﬂﬂarilléniﬁs ia
gonponod of unite nade up of twe vilicn telrahedrol shsoby with a central
alumina.ﬁﬂ%ah@&ral ghoogts ALL %ha_%i@@ of the tetrohodrn ﬁainﬁlin the
snﬁ@ direotion and tounrds the econire pff ﬁh@'&ﬁiﬁt_fhﬂcﬁﬂﬁf&hﬂﬁfﬂl and
Sho ootabedrnl gheote ave conblnod wo thet the tips af'ﬁﬁé tetrahedra of
oach 8ilica ohoeh and ono of the hydroxyl loyers of the potohodvel ohook
forn o comon loyers Sho atono onmon do dho telrahedrol ﬁna Qeﬁﬁh@&rall
layors boosne O Inotend of Ofe | | |

The ninerala of thig proup a#e aléﬂ dovoleped by tho olaecting of
thass wnit ohiootn one nhsve She ﬁﬁhér in the @mﬁiﬁéﬁ%ﬁ@ng aring @tacmmﬂg
the O lnyers of aﬁe-uni%-are ¢lono %ﬁ she § 1&§Q?Q-ﬁ£ ﬁhé obhor wilt, 8o
ﬁ&ﬁt Shera 40 an ogoollond oloovaro ba%ﬁaﬁﬂ “hy mhaeﬁeg.?élgv nslecning

can ondor Bho agﬁe@ hetwoon %hé sheods couning cxnmmsion of the axin in
the c-fiveotion. Iocnorphous pubstitution of othew nokal iono for silioon
@mﬁ.aﬁuﬁiﬁium in bnth the ﬁﬁtfﬂhﬂﬂfﬁl.ﬂﬁﬁ oetoheleal layers in Imown e
ﬂecﬁr« Somnlote revloconiont of &mein&@m'by dron and nognosivn 16 £ﬁaﬂ&
fn tho nlvorals nsnﬁfeuiﬁa and oaponlbo re@p@@%ﬁ%@l&; dubstittubion in tho

totrahadyrnl layey in nontnerillonito doon take nisce, but to o Lindiod
c2bonte
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i ;j' 1% consigts of amermm atasiing of nica and veter layerss Teo-
t‘qfaﬁﬁhrsua renlacemnt @f A1 for 84 &lwajs talton @iacé iz 'éhe :tétmhedml
4‘[,13 o gl reﬁlmmant of the Fo for g or AL In thé ostahedral layod i

,2
IJinmit;ﬂd. In natvral vemia&li'&'as tha not rosulfing ahare;a d@fiaiamy 18

falanced primarily by 'ég amn, to Dome axtont by aa=T These Lons oro
halﬁ a8 caﬁ;chsmgaabla 4ong in bata:acm tho nien Inyera. It has nlm btﬂm
L H A rootiod *!:h::;t those @mzmﬂgeahle *ﬁma are repponsible for the mrian.ta,»-
tion 68 vater i'mletml@a; Tha *ie’ awa pregont in oetuhodral gmuning vith
six m*i,ﬁr &wlm—mlea gnuaing the G;ziatem@ of two layers of viator moletm.-
1o, but with ol in plaoe of g ‘L’hca thicinoag of the uater layer is
nononoleculars Yhe e-axis cxponclion io lisited 4o the thiclmoos of twe
vater molotuled. | | |

The nicas oghibit 5 bovildering wardoty of conpooitilon in vhich
igomorphous replacomonts may oceur in the cotohodral layor ouch as re-
plocenont of ostahalral AL 5 by g Q+am. in $l1lite, thoe oxcess miogstive
eharge in pavt ray be balonced by the osubgbtitubtion of OH for ¢. Doth poet
and Te '3+ma:9' aigo roplace some .Gﬁ the octehedral AL 3: Snly 155 of the
81 sre venlacold by Al. i?ha,; are ddatinguiched fros mion by mla'ts:i.vam

snal‘i eombont of ¥ and & :Laz*ga poroontage of vater

I iﬁa o vure ninoral boing an mmrtmm oonbtitucnt of na‘aw:'az. alaya.
Ths ek, et}lazlar wii"e: g ¢ m,,, ond mc $atrahedral unit aoa\“mmtian group
i £ 410, 7 « 1% volymerison inte chaing, notuorks end frencuoriks which
forn the fundanontal basls of all ellientes. The struchurel princlples

i% quarbss tridvaite and evictobaliste are basad on vardaitlono of the
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froacuoris with the sone totrahedral pottorane The bonding in Smg 1a
tntomsediste botuoon lonic and covalonts Sl movomerie charnchor of
ponding in ailientes makes 4F nenoible for strockurol intorerdtotisng
bt bo nnde, both from londe rnd houepoloy princinlos. The exyreon absns
at She $ipe of the ollicon lotmbodrw on the cEtormal ourfacon GaptURe
izziamgm %o forn OH. She zwaij;‘@ga;ﬂ of Gho hyaronyl v cxchanpenble uith
athor cablong.

L]

ysrabed Adnsing

Tk

z frdratod aluning exioto 2o thres tymos of Gri-hydeatos iéklgﬂg,ﬁiigﬂ o

sibhoite, boyerito and nopstrondite; tuo noachydoaies (;%18{}3, E}fﬁﬁ)w
boohmito and ﬁ:’ixmzmm;. aad twe onbydyoun vorictics, Wi of ublch corune
dun and slwiine nro Inoun So GoCur in nedure. Gibboito 4@ the nost ohabe
10 hydrabed forn at low tonpomatusen (bolew 190°0), and o progent dn
anterally cccuring buuzite, togethor with boohnite, and nloe in wotueally
seeuring clays. She siaple strweiluss of cibbalte econniots of double
layayn of hydrawyl oveupt, onglooing tho aluminun ofsn dn ockobsdeal
goavfination. Succossive ground ave G{;m%:e&_ 25 ot the P@fﬂ”ﬂ@xyi EEN
of one, unit f:ma c’i-ir&%ﬁg abova thoue of the nort. sgp ropeds the i*ssfﬁmxyl-'
agecupny tHO ooguenge is of Clovoet molkting, o3cn 2 peting and 0o g
Gibboive foymo hoxagonnd plates wibh roady oleaveso in the plong of tho

loyerg. Who hydregon of the hydrazyls are cxchangesble with obthor cutiono,

; ok plt { fopeglonteic poing . ond ab @ ) iogenleetyic point tho hydroxyle

are ozchnmgeable with pthor aniong (2513, (852). Thuy hydented oluning
in an gzonnle of on ouphiptcrle lon-onchonsey minernl. She doinilod nabure
of tho ourfnce hydraryl grouns of clundna 43 o problen on vhich tho laoh

word 1o ve® 4o be saif,



oo c’ll@n‘h rovicus (133?,(&1)9 (93) fs@) {1200, {06105 (205)5 (171) 5

: (11’?}?(1’?«33 (3.3),(%-:) {927, (1%4) are now ovailable on the ion-cxchange

ohnraetord ﬂ"':im of the a%.zwe ninoealss In view of the groat fandsnental
and practicel imgoytanae 4n the prosent iﬂrﬁ@%ig&ﬁi&n,’th& couses of
onbion imaiiaﬂﬂé egnaoity of ho aisy minevals s.-,'ﬁ’a- enwmeraied bolsus

(1) Emzzm bondo around the adzen of the a:ili.aa—elmum unisg give

vine 4o mmoatisficd chorpos which are balonced by admszbed ca*t:i,ans.f the
manter of hrolken bondsy honew the exelange canacity due €4 this cause,
newense az the particls sise doorcasen. In Lnellnite, brokon bonde are
Ghe m;}ar cause of euchans0 copacitys | |
{2} &ubaﬁﬁ;m%-ian uithin the lattice of i;z*imlaﬁi: sliminivn fo7 quadri-
vatont ca:‘ilmmi in wti*amaml shoots and of dons of Yawey valonmeys sartie
eulhz'?dr of nammoenivn for gl Lam.miwﬁ in thoe ootakedrnl ghoota reaulis in
mb@l'meoc‘i a:vmrg,ess in the girueture oi‘ gone clay ninerals. In montnori-

lionite smﬁ voraicalite t;his f::mss& conbributes to 80 poroont of the 'Lﬁi:al.

‘ezchange oapacidye. There 16 very littlo isomorphons replaccaent in 11lite

aﬁﬂ prnctically no such mn‘iirimtﬁ.-é:ﬁ %o the oxelionge Sapncity ia [noll-
nlte, | '

(5} The hyaregen of uxyoseld hydrezyls sre aloo replaved by o oabion
thdeh is m@im@e&mm Thio 1o aipo bolioved to cconunt forr powd of the
cxehangé capnedty of the minaraloe

The exohonge onpocities of aillen ol and hydreted slunmine, as pointed

oud cariicr (V4,5 ) avo ocousidoved to be dug to the third sawaes

syotenntlo otudics of cotion axelsnzo in purc nincrels wers earrled

out by Paro ond Daver (107), Hor ond Sondorlos (7), Hondvicks and Alex~

ander (104), Sehackisohabal (210): Mubherjes (185) ond ot mra. Hoot of



*2}@39 investigations wers based um}n 'excmnga enuilibria, solectividy
i’ {a‘fbﬁs vith sinple ingrganic dowt. IZxchange romotions invelving clay
/»’ fpii.nemls with organic conpounds have alse boon esiabliched by Glfferent
" axﬁiemista (*“2@), (82, {83, {111+ Small srpamic agtiaﬁs sre geen to bo
f/"' épran up by the aluninosilieaton upto tho axtent eorreg ”mw;i?lf to catlion
fO?Ghﬁﬁ”{) 33'3—301th whilla laf‘gay mna— oy be \.aﬁsmvbea_ in czGeon, boing
ﬁ imm up Ly von dor lionle smd/w I’l?‘ﬁl"&ﬂ"&@bl(: £oT080. I’t hag beon pbserv.d

I

§  that the sorpiion of srganioc ﬂslmt..lm taken ploce on tho eurface of tho

A
,-"f aluninosilionte of the £izod inttiee grouy vie, lmolinite, vhile they

T i penetrate botucen the unit laoyers of czpending Lettioe group of nincrels

: :;'\. vizy noninorillonite, vorniculito ote. Hxchonpo obtudlos with compiow

long oro also I MO {3.60)a (1?33;(1.;4},(%) (5827,(52 )

The nensuronent of the booe {easisn) cxchanse capacity (beeuss)
when conbined with sthor nethodo, i0 usefal in tho identificaticn of
aia;,rfa, ond velotel leweexchongors Goteils of uhlch _mg,l boon dioeupsed in

;f/ Chy Iy pP6-33 Tho beowds % nown e bo dependent upon the (i) nsiure of
the elay nimernl, (11) its porticle Siu&)gn (3,5’3.} cam.evrhr& ion and nature
of the exehanging and exehongpeble em,mns. {iv} ﬁOﬂWf&%Mg {v) o ang
(vi) aniéns, vhen they ohange the 1 or in Bone way intorect with the
exchonger natriz or the exchonging cadions. In vigw of f;hefaé contrnlling
faotors 5 o gpourato deherniuntion of tho axchoangesble cetions er the
betenes 15 pendorad &;.ffietil* Humevons mothods & are in vogue (1883,{203),

{202}y The smmﬁaiw of tho @ﬂ"’@@t of eatiop.a on the sxehenge espacity
of elay niinorsls have been showm by Mitra (100) il a}?;jae (186) and by
Jan_zg arg | -ammmew:ff)’im auder of onse q£ entx:ﬂf by ayamnga vas i (Ja 4

Ji £n e ond 17 e er? U Ba 1" < ‘l’ﬁ s vistch 4o the nomal

Lyotrepe ceries {%) (118}, It hos alsa becza phown thot Sitrabions earricd

oty .
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out in tho presence of salts give hishar volae Lhan timm n el\i’ziah the

|\_

bage alono 18 usele

Thora ie conwidoradle vavimbion in the stronsth of b:lmlzw_\ of &

Given estion by difforent oxehanzZorss bhut in esrtain caeos, o f;':.ﬂwn

oinernl shows 4iflforent affindsicn for n given cnblone Thio weo /&m\?nﬁtm-
tad hy «;aimar end {iitcholl and loter aztendof 4o olay ninérals) %:ay\
veigaer and Ronosld (284}, lokor this wao denonotroted for monﬁ*wril.t\p-ﬁ
nite and imolinite by Ganguly and Ihalhorjoe (74)s and for hydrated aly\-w

Y
mina by Churns (48) nnd Peri (204). Covtain otber soaplientions alse _3- '

arine, wim*z tho agnion aoosooisdoa with %he oxolmmging eskions in &salatim

{6€s v 34 ")» Tho wholo oitunblion 1o horvefore ono of confunions The

be@ens valuon dctorninsd arc alwicualy dopendent uson the cxperinontal,
technigue onploveds |

Adoas the fﬁ:@ﬁi’on affeat of éntions in olay ﬁinémlfs im a procsas
in vhieh fmnﬂ:!.ﬂarazéla attention Hes buon dvnems The fized cotion iy von=
dored non-orehonioabls whon mﬁ-.af tho ontoring iong becong fixed, the
fotal oxohange capoolity of the eloy is ppoarontly increpoods This pro-
party vas shown s bo charnoterintie of mnm@r..nanito {121) and illite
geouns (33). Tho doripant Laobtor in Lizatien wgama@s ig the lonie oise.
Tons vhich avc of such nise thot thoy it indo the *holea' in the ﬁzﬁ;aharb*
5car potrix, show the oteonroos tcﬂﬁem;gz 4o baocono £4ods Oefe .u.. ,' Gé* »

*-thc{ cxchoansge of maz'éazam ion Zop t}l:‘;daﬁiﬂ ions wan stodied by
Bavrer in o oorles of pagern (10)e Zho cor: }izian poportics of oontagri-
z.lmi{.e oo mmn te change with the adoorptlon of euatornary omaonivm
iong {i‘i‘z‘I3 ) &3‘3 r—mﬁ (ﬁaﬁ!g}&m tue o adoopption of those dons the lonollias
of the clay ninevals aroe opconed ond _m@remm snounts of onyoen 1g
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adoorbed dun the iﬁ*&@r—élmnallaﬁ onnoSs OvgaTle .caﬁ;;nﬂ.@ dyes apro aleg
mmown Yo sschampe on thoe gurfuace of dloy ninoraloy ond obthe?r axchanseras
Tha serption of nethylens blvo ves studled by ashy verkors (54),(18},
(2)3 (207}, (222}, (55). Hoot of those otudios vore related to surfacs nren
mm}zmamm ’i‘hta sorrtion of oyyotol viclot ond m&wzﬁ to groon were
3180 amama on varisus minorale (i#‘fﬁ}giwﬁﬁ} {260),(156) 5 (Wé”&} {335},
”n@m mmem bhave also ohovn Shrvk whorr the AGye molegulen aro present in
gedntion o nicellos (&nmﬁ&__.g an nid wllcm af 16 m 100 nmolocuilar waita)
 bhe ahmm& axohange gannodsy 6y to iherossods '

‘33116 phyaicow=chonioal aaz&mﬁiﬁ- 6L many oxehangn i‘a@ﬁ’&-i@n& with
ﬁiﬁf@?&?ﬂ‘@ crehangers eapesially of dnoveunie origin ave '3%511 unimown in
their fendonontal dotallss. Thig conpbitules ong of £he abjeotivee of the
mronent invodbipabions ‘;’*kac relovant liveraturs ing ‘Boon vevicusd in She

nexy fou sasbiome of thin emmem
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| r“m e:rfsmnea o€ azolnnge ©poss with difforont bondiag enerplos in
rien waa renorted by Mitrn (1@2} ox the bazis of Emterzﬁiamwria tiﬂf@—
tion ozneriment@s Shaw (222) and Grin (90) boliove that im 31lites tho
beokon bondo dovoloped on “ho Intoral surface somtribue o a inrgs ox-
tent tevards thoir base exohonge eapaditios (beseels It 18 now recoge
niﬁezd thnt phyroleal secessibility of tho emchomgo atoteo 1o one of the
11::1% ing factors vhiloh desoroing hm@aﬁn Sertain onccificitics in the .
wchmga bamvic}w of ¢lay ninorsls wmﬁix&g boon traced $o tholy Shunracter-
lotie Jattiee confipurations have alog boen pointed out by Mdtra (7807,
Hatherioo and Mivra (195),(187) ottenpted *tsa pxploin the G@ibasie chorscw-
sor of hoolinito and tri-bosic choracbor of Elwnmewiﬁe ang 11lite (133)
in the lichd of tho esnoantisnn of the oloetriesnld aaaula layor and the
primary and secondary odosrpbion of long, pobtudated by Tuldeowrdesn | 1 4}
ne well ao fron the lottloe atructure of minerals (01),(8aR),(101).

Gonguly ond cowuorkors have shovn She tei=-basicity of nowbnorillonite

by potentionetrie tritredlons in non-nguesus nedla (77)s The wele of 51
in exohnnge reactions wag otudled by ukhorjoo ém&'ﬁmmoz:;jﬁé {188} and
Tiarabedl (162) ond otherp. Fordward ond Colomon (99) chowed that tho
doubla ond poinlts obdalned with alcemgrmtric ti‘bmtiuma 6% nonineri-

1lonite vors dus Yo H ’11 olove m'b% @3:' Hhon emmngoable hydrogen of

Al flozont aiss;gciatz.@_nm Wi f:m_\;aancy witration of H=robin troated

vontondte, 111ite ond knelinite (146) indiented that Heropin trentment
msults In tho immedinie &@z}eamnea of oome A on the oxchange conzlox.

A hynodhoesls timﬁ :Lt: mg bo aamnoicted crith broian hond antion waiwzua
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sites 1o ougrested. The inveotipnbions of Tioy end Dos (214), Chakra~
yarsi (46),(41),(43) and Adnllacl (15 on the sleetre-shenieal proper-
ﬁm of oloy mimml m?ﬁ:ﬁm?éar HI8G ﬁ&miﬂh Emgﬁﬁmm obpervations in
the lin@ ﬂs? eha:aauariaatzaﬁ and iéertwﬁﬁeaﬁian PTD0EeS. | |

Tha ixzﬁ;@ exaiwzuas [ hy&mum inden ailica galg mich, iéfmlﬁ.niﬁe |
Mzﬁ mfm'tmvillmma W deﬁemineﬂ z;:; Gonguly (’h:). in gmeml, %he -
aizehanse mo-i,fs. {m the auri‘ma of the layor atructure ninorals are n@t
of umfam charactors ’Eﬁom e ﬁef.e.ﬁim energy Ievel:a af izz@’@ra«:ti@n,
and the handing onorgles are z*u..c& by thc ROTURO n,mfi l@'..atmn of the
atmw msié@ *r;h@ Mtticm Mngaly i’omn& B ae@rs:easing arﬁm‘ af the acid
funotion fgr azliaan, aluﬂiﬂiam and.nagnanum in their bonding to the
u :}.am in -bhe hy’ﬁ?@Xg’l grougse m naliniie rsuructtweg Gomouly ond
rmahorgﬁe {‘?6} lotinsutsh twe mciw.geabla g@ﬂiﬁxm, in boutonite and
nign thres @f thoot. x;eaos?ﬁiu %6 Ta Harting Re Glaemr ond J.Emmng
(166 s} the acidity of nyarogen montmorillonis & in fronh sonples 46

' -t;ynmally o g;retsnia onoy bus :m this aqate fshca hydrosen 1o ropidly

echonzed by aluminw;lg This a{‘mg efz‘.‘ent ia Wghly oonsitive So tenmm«--
tuves Svidentlys tho ﬂl ims ohonio ffzeix* mﬁitmm 't:a thoos of tha
hydzomm i@m fran the efgon and coynors af the erygtals. Uhorens the
eommon Al-mantmorillonite io 'ﬂiim‘ lar in $te resetions to On-montmorie
ilonide; She nmtfmie rodifi aﬁ: fon shows ointlarition with Ha-nonttiors-
Lanites, | |

In rocont years it hao boon setnblished both by theoreticsl and
gxrarinontal resulds that tho egcﬂmlf;a pitos on the owinoe of @1;5@
gilida gal ond hyeim'&aﬁ'alumﬁm aro of nore than oo wzra. Tho wﬂ.gm
of gush :?._ﬁ}mmﬂgﬂnﬂaua mﬁ'meém ave soid to Ibe duo %o e:z*gatal dofoota.
The purface hydvoxyistion of ollics wap otudded by Arnistead, *-3}7*1@?,



| =12
Haubleton, Miteholl ond H@ﬂk@gﬂfﬁi by thornowgravinetric néthods of de
J Boer and vlgﬁmkans (87) and infra~vod studics wore carvied oud by others
(4)5(68) {56} Tholr resulte susgeot thay tho surfeee hydrozylesion of
fully hydroxylated silicas corrospond o o surfoce containing about 4.6
hydwoxyl groups peoy 190xa92 9£'thﬁ total surface arens OF thooe ahout
;¢ Led X 001 hydwozyl groups axiﬁﬁ o8 singie non-hydrogen bonded spedios
{1.84 1:4 A-type Rites/200 ﬁ? 3. hﬂ rarmining 5.8 hydroryls szist ee
i pades (162041 Betyve oites/100 1°%). Rotorring to publiched infra-red
- datn %hﬁﬂ-m@&@l_is iv acoordnnce with the aseimmoent ef *high Lreguoney®
{3780 eﬁ“i) abmwrpﬁiaﬁ band Ho the ningle hydrazyl anaaiaa and %he
aﬁ&&ﬁﬁaﬂﬁﬁ ul aBHo o ~1 aboorphion band %o the hydrogen btonded curfsce
apecicss A nonwochange band centored at 3650 g obssived in froshly
premrod silicas corresponds to hydroser bondef interwal or bull hydro-
syise Yeri ond ﬁbnﬁley'§805) of the bapis of thole researchos on o
theoretionl nodel, conoluded that Aifferent typey of hydrozyls do
n enist (206)5(206), (201)(3), (4)e |

Turthor suprort for the prosonee of twn diatinot ﬁgpes af hydroxyles
on tho awrface of silicn eonoo frow ﬁ‘w mr?” of Lylors Homblobton, it-
ehield and Hookey (3).

Sur mnmewledge #egaraiag the Qlepesition of hydroryis on the Sur-
face of hydrated alunine 1o rabher neagres Tluch romsing to be lewmned
about thoe auﬁmila af aurfacoe hgéxat*aﬁ, the araation of high anargy pltes
upon doiydention, and the uign¢£icmﬁea-o£*variaun trpes of isslated
hydroxyl groups on the ousfaco of alumgn&a‘ﬁigaﬁimﬁﬂtal aevidoncs in hic
fegagﬁ 5000 maﬁﬂly:ﬁfam.iaﬁxamﬁeﬂ,ﬁzéﬁﬁyﬁaeapﬁe gludies invalving
hydration, dehydvation, snd sorpbion and 6éhﬂrﬁﬁiéﬂ of ﬁﬁ% and ﬁﬁg on
alwiing ourfacs ( 200, (847, {152), (£08), (’G&}. A4 theorebieal nodol hos

been developed by pard {204) %o cocount ﬂbr the svrdage hydration
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"r“’

f{g peonotties of @ ~elwninms Phis nadol oooluistes the exiotence of GLffe

grant tvpes of hydrenyia om ﬁm alumdnn surfogde

A% surfaso covepages grontor shom abouy 187 of monplaror. according
o Peris none hydiroxyl lons arve sold bo hove che or more hydrexyl long
ag nooyvent noizhbours. end iador hydvezyl hydvopgen bmding ie naouned
o oooay ’aavsaf@w thons S3nes both :sx*;:aﬁams in o polr of adjacent hydrowyin
garnot ejmgzizam@mm form bondsy this oheould Give pige %o on isoiated

hydroxyl infra-ved bonds THe influoncé of the odjncont {hydrogen bond cél

hydroxyl pvomnet be nsgenseld axactlye Hydrogen bondod hydrozyl, SroRnE

profuce broad b&n&a ok imqwmim helow thooo of isolsted hydvoryd,

grounste & Rl gm:,r hyrdes m& :sym%ma, hydrocen bmﬁmg wnwid be cxpeated o

_ be extensive or tho medel murkace although on declobed bond o bande

wouli be &’%*}@ﬂte& o zmr:’sism
in the ﬂiﬁ“ﬁ‘& 0f $his sp eoulation mwﬁn‘*ﬁ ing %.3:13 ngbure of She agohunne

gitos sn the aluning ';urikzma cwmm Paclic oatoblished mush b ma}azmm

7 15k - 4) thot more then ono type of emehonioablo &v@mxg& {or proton)
ﬁoes azlet on the f:;m“fz-a@ (2042 and(®B) corption of solvent and ion-oxchonge
in tho porea o‘f.‘ aluening &0 oignificant oo conpered Yo __-:sagrm,imz_ on the
G:f‘é,c}:mle gurfans {”99} v {ffm Yo
in -{;m m=asaent uimsﬁa um 0% }oaﬂi& watal dota abteined fPon adsorpbion
mmwmsﬁw involving .o 247 4 has beon presented and esngared in the

iohd @f the above tnowledln, on oxehangers E=banbonlto, ailics ol and

, Ewﬁz'awe’t aluﬂmm
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The: mdrmﬂic Qm*ttl peXal 1N thammtiaal
nodels and formulations in na,...“x_ks;@z&fug._._,iw

Several sprroashes (182} both munlilabive mad quan$1 sative have
been made to understond the vquilibrin betwsan an loneoxéehavger and
domy in orlutions Experimente wore vonduotod in vhlch conconyrations
of Seno vore variod, tho vesulte suzseoving on cxponendisl rolatienship
botwgen the iong ndoorbed {ov dooosrbod) and concontration of the ezchan~
ging cotione Idnitotiomoe hﬂva.béﬁn tnodbiy accopted in nogt ﬁaxhsaatzeaa
ﬁreat@ants of exehonge roactions. Thiug (o) the einmdlioncouvs wesoneo of
bath @ﬂﬁéaﬂ and onion cxohonge ronotisng in a pzvaa gyatan have hosn
eansifered vovelys (b} tho enchange enpacity of the cation or anjon
exchonger has boon apouwned to bo conotnab, though canes ore tnotm whoro
the oxohange capacity varios movicdly with the pil and tho notare of the
nReiansing lon, {¢) aimgla Qﬁﬁi@h@mﬂﬁ srle ﬁﬁdiﬁ&l&ﬁﬁﬁ botwoen long tauen

up and relesped d8 genarelly asowiod Yo bo jwcncn%s ﬂaviaﬁi@ﬁﬁ ora

- uosually oxplained dn t@rﬂs of aﬂamltaﬁaoua sAsorphion of mnl@@ul@a or

Lorption of complex Lonss (d) £mmally, perfeot woversibillty 15 token

Zor geontéde i .

~ On this basis the Froundlich and iongawir sdocrptlion equami@%§wnne.
mreposods The originel form of Sho Prowndlich cquation 18
1/7

& = #Ce
¥

uhore £ fa tho anount pdosorbied, o tho welght of Ghe natorinl tolien

| emd O bbe eguilihﬁiam ponoontration of ahe elogtrolytes K and 1/p eve

eonstmtes Ulowver (844} uged it equwﬁiwn in 1912,
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Phe twe main woalmessed with.Tagerd to his sauation 1 *EE@:.*,\& 35
Gous not fistton onb ob higher vaiucs of O, as o syoten with & f\%xeﬁ
oxshanze c@:,@mﬂ.tj ahaula, gecondly, vhile U iegnw vhouod -a,;m-, thei DOSL=-
tiom of sguilibrivm ig indepondent of volune, the Froumdlich egm“;’s.:m
ahows o variation in sxehomgo with veris tm of tho total volundy i‘:kw _
pegond ohjestlon vas hewever svorcane by denny in 1926 from hig equation
o & w Ky _ €. Mo
44 ' ‘B ]
Wik @ha f_;!.azﬂ.bﬁity aﬁfex?émi by the o oconstutbo, ool acreonent is
- ofton obtained with wpe:vmema.!. dote over o hﬁiﬁe& TaREe hmwcsr
- Hopyghall {165) hon ahorm thot 1% fms cupovier ag ropards K bt 1/
.?gm;a -@1—‘3?&“&1@&11?’-5 & Biniloy ’cyv;a of cqualiion $o the Lngzﬂm'sg 7ith
only one cans%mtl TR onessd b“ “mg@l@r { E““‘} bt it eaum ncri: acoount
for the varisbliity of eguill bﬂﬁ_m with valmew
The £irsd usg of tho. Lawsy m‘:‘ masy aptlon ixt formulaiing igmie |
‘exﬂ}mnga a8 o comuletely Peversiblo reopblon wes nade by Conseen (70},
Koy (127) investigated opeeific naos m%.i_em cquations for monovalent,

nonovelont and nonovalont-divalent cxehanges; these o0k the forme:

) (f s (¥ w By (%5 (2 -
Il (? . (25 * O (T ya (xR =R

the bay imdiﬂm;aﬁ the don in the atchomgor phooe.

o » ‘o .?;.liﬁr&
47455 & %
F 2 DEC1975  Ei W

b

—.ﬂ

% ¥ .Ng%

r?



wad, B
Ehe'ama%m%s By s Ba gre Hoyned ag h@i@%iﬂﬁy gopfficientss The
iond L twﬁs mmaqem'i; concemirationy in equilibaiuwn eaz:alzztimaa Buk owing
B0 8 1&@&' @:2.’ mmlm‘ige about the netivitics of the lomic sueeles in the
C’::ﬂ*@hﬁﬂ r vhoga tho eggaailik@.smt gonatent could only bo ovalunited gqualls
ta**i,w iy o ampiz*icsa tiys Dowvmon {17} and Gregor (B5) polnted oub the
Mﬁ'ﬁimﬁ%‘i{m n sorngs of pwelling and volunoe chonge particalovly of the
reamﬁv Tha mﬁel Introdueod by Boegors olshough thormodsmanically msm
x«?q‘?.z.l*"ﬁ(ifwﬁ@ﬂ. brm;a aut clenrly the phyoical aokion of the awel Ling
DrOSoures i BOPD rigorons epplicotion of the low of naeg getion hnd boon
nade by Bord and hio Jo-way i&r&g (28) #n vhich *shca 503418 soiublon® iden
of Vanselow Qmﬁb} bhoo book uzzz; bagds on the assunption tho i.h@ Loz
exchanse 19 o "golid-solutinn® procesa,
4 noers eﬁ.ﬁhmﬁm use of the meoe setion mnci;ﬁ,a in vzh.iuh oiny

gubstzaten are irentsd a3 bi-functionsl vith msn‘.eﬁ 4o gingle eoblons
b haare *m‘ieﬁ by Gereols and Chueist 79} and by Biscimon (2&}1» The &nta
oroninad wore the potentionctvic titmation onrvea of Harshall ond eg-
uprlgrds In thia trosdnony the stohangenbility of o glven lont wpan &
givonr trpa of 518 1n anowmad w e dindopondent of the properbtion of wi‘f?@ﬂl
a@mpi@a and &% the naturs of goupliouoniawy iocno pvesents hin assunption
hap beon amm’weé iagter forn o eoneideretion of statiobical nodels, |

Houerers doubts regavding the spplication of the prinoel plez 9% lou of pnog
| aﬁs*fzfm feam ‘u-‘lm*" @l@aﬂly mm‘ew@a by Wolgner and ea—wa whewn (248) in
19934 En. prder 4o m-pi&in apong of thm.k;‘ cuporinontal vosulio faiwy noTt
E.saﬁeﬁ the exlgtence of lonsely mﬂ Sivaly bound iong on the suriace of
the sone ezchangara Vithout Hhe nogeacayy infornaticon Tagording the
surfage characteristies of tho @ilﬂ.@ama‘ which Wiegnor vsed for his work
e had 4o invoke -é-:!f_ae 18sn of the oziotense of nicro-peres,; odges sni

'Qleiim_gf}&w
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In 1936 Jenny {119) developed the Cirst otasistionl thernodwneniesl
asdel of exehanso roactions on monofunetionnl asurdacoa. Ho ssosuncd thot
the coutbor-=ioma conpenont L"Iiﬁ; the fronoverl agurplus charpo are looated
ik 1Y eii--z?vge double Jayver at the collold surfase. Dvery countorw-icn 1o
aoordinated to on axthonge sito and oscillstos within cortain voluno,
shorneteriotic of the ion and 1o Interaeticn with tho eoliodld murkiolo.
Sshor esunte? iong from the selutim are able o maretrate inds this
aseiliotion volune. Sho mrobability of loneouchongs Goou Ping ot a given
slte 1 caleulntsd feon Sho srobabliity thot o conpeting counter ion
7111 entor the oacillation Todunes fultivalont countorsions cooupy sevo-
rol nelghbouring alicss Tho Pordee-Unepenhedn (66) Shesyy of admgrition
Lo rmoennlooulor layor wos odowiad by Bavio (841,{88) o this osdol,
o the oope of muldiply ohopoed ifongs Iaber the Iovis stodisiioal
tremtiont wao exbondod by Salail (217} dhe caualtion é‘m"i?aa ingluden on
Intornesion onoTgy bavo c?mz-m*fzmm e of differonono in tho nado of
aocunmer of nolchbouring oidops &2 aind ¢lodme outcoss in & avplying ks

auntion 0 ion-oXohonger foin olooe Wzishnomacrthy omé dvorotrect (143)
applicd the statistiend nothod oo hag boon wsol by Tovlor (65) and
m*&%haim {24) in tho onoe of gag cdoocrnbion on o golid ﬁariwacg Gy
abtanpts $o undevetnnd lopecxeinnge ranoiieons on the bnals of the alootrl-
onl dovble lovor, as pogstuloted by Mulkharijes (184) riclds ne Qnubt
gunlitotive resulin bdut tho concont in nany rosneedy, eoniorns bobber
rith obpervabiono. Hoe noowcd U6 entororico of czehmmgeohle ionas tho

osumetically aosive ions ok oongbisnie the cobileo mert of the double

?-..fl;;f‘f{l‘ and sho nomobliceslily inoctivo onod Sonotibubing tho lomshlleo onrd
the Geu¥le layore Yhe intarpretotlon oF the slogtroethenleosl oronel-

sies of olcyvs i tormy of Shone two ontororics of dons has beon in vany



e L _ : | i

ways very fraitful. The relatisnchip of orystalline stoucturo 92 clayw,
tholr oleotrachonical proportien and ion-oxehange characteristion have
Lecn otudied in tholr fundencntel dotalls by Mubkherdes end {Iitva (184),
Hitre ond Begebd (161), Gonguly ond Umkhorjes (75) end Qhak&awarti (40j.

The firct aﬁtempt o &éﬂﬁr&b@ 1@ﬂﬁ0ﬁ8h&ﬁ”@ equmlibria by o theoro-
tizal ogquation whish accounty for aevimt;ans from the r@bulmr gattarn
wan given by deollond (131). He introduced the woo of Toolid-phace
aativiﬁy'aaaffiaisn$s“¢'ﬁialzanﬁ follovod Vonsolow (237) in treating
th@lhéteﬁawi@aie forn of the lonwoxshangor &aﬁaﬁﬁﬁaliﬂﬁﬁelutiﬂn“.af
the gomponento AR ond R Qwh@rg-ﬁ syabolioncn tho structural wit of the

exehangsr)g Tor the etchonge of univaient lons

AR+ B = BR + &

/,
r!(
K

tho mass action oy in §to genoral form igy
Ei -l & ™ ) .
_an’ B s K = Conotand s.e (1)

T

2 e
"m* %

whara % 4@ %hc thermodynarndo cquilibrivm sonotants Hiolland posumed o

rfusn dor Wanla type of equation of state an& @htaxnea'w%afbiiﬂwins

rolations Lor tho rational activity caaxfiei@nﬁa in the aalids

m‘%ﬁﬁ = Co ﬁﬂﬂ s In fm = Co ﬂf&ﬁ Rl (2)

E-‘m w rationsl activity cooffieient of the component il



] Goo

i o ﬁ
B = uiﬁ -~ = mole froctlon of the component

iR in the'aalid; G ia an enplylesl conglonbe

The selectivity coefficient X is obtained as
IME sk +{ B « B0 ) 1 deew  ses (3)
- - : TOEY Fam T UER 5

This raiaticnship van given o sounder theozvebical treatment by Barror.

Bavrer's Hodeds

Barrer (8) by the use of statistical bthermodynsmics, has darived
an eguation which is vemarksbly ﬂucaeastT in deseribing the behaviour
of noot reguler and irregular systens with and without phose trancis-
tions The assumpbtions of Darrer are os Lollowsi~
{1} whan o enteﬂing lonag, Bg DeCURY adjacepﬁ eryatal aites in the
A=rich latbtice, an ad&LtLonal chenge in ‘the free onergy of the erysital
6ooUTE. .

(1i) This change is neglimible when ions Ay B ocoupy adjocent sites
ralotive to the gtate when A; A lone otounpy adjacent sites.
_(iii)Tha Qhange-in.anargy'ia additive with respeet to the number of
pair B, B independently of whebther these pairs aﬁeviﬁ elua%ars_ar
13010%6q. | |

{iv) Apart from this eneray Ghﬂﬁg@g all. other inberactions betwaeen the
energy ohangs and the partition funetions of ions A and D in tho frome-
vork, and of the framework may bo noglected. | '
 ¢v) The dietribution of lons on aitéa ip ageumed random.

(vi) The emount of imtra-crystalline water is talen a8 un-plbered by

exchanges
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/ M irveguiny gyvebong in ghich aoconmode stion of thoe lerger isns

// botaro nore and more A1fficult an CONVErSion DYoANONGess otourency of
sigEg?

[ two nelsgh wmrmggiby two lorge ions 19 mi{iw@"{; iy leny ifawux‘.&bla Lhon

,-, /ﬁ cocuranay by one large and one woall or Ly twe oradl lonss A% conchent
’ { oreynll ionie Gonvositisn (egy zoslitus) thore 1o n charachoplatic ALfD~
{ | orence in enorgy betweon the ooccunoney of two neighbouring aites by tuo
, ; ilong B ond by two fons A snd B or two ions Sf. This encrey ooy b uritton
w s ‘%iﬂ Hg vhers B, s aa (@agiﬁw o negative) intoractlon onergy ond

Eﬁ-'s.rs @ esmr&:*u“uim's umbcﬁr 0% the lobtich. & statisticnl digtribuation
- of tho exchay {go aiton pecupicd By oo iona B is aspwnof. The nmhef* of
thene mivo o .ﬂ}lﬁf'?ﬂr; 7 Ly & number of eounter lons O ia tho geolite;

—

Ny o= mmbe'zr' a;@?--e:&aizmg’*a 8 ms;).. In thio voys o ginplo expresgion sSIving '
the ta%zzl porbidion fanotion r)f' theo '?m‘i ite con he abiaineds By él:'gfi'u
crentintion of thic ezpression and weo of the equiliteinm Gondition, the

folilo :rim? roiation i #mmﬂ

1n ﬁ--wm-«‘ﬁ‘ e R 254 T NS
By o+ 0y 3423 1% KT
A, B}

whore ':?l # mwtition .._ulm tion of spusics _i i tho exehongors
5, = -cmcngr of spooiay i In the mmmmgef_;:
"(f' 1 & otondord czzzemqal potontlal of Gooeles Le

9]
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Afear gubstisuting equivalent ionle fractions

b

n » -1 v . *
Ki = ,.....ﬁ:.mmm one osn viibo wom (1) in the forn

ﬁ:q + ﬁ{a -

B “L ¥ L . ey -
in i % in ..i:‘.,,,m}«l a In H4+ ¢ il ~ BEp ) ees {5)
;&:13 € IE'.&‘; |

The cunatity i tho roatlionnl thornedyrnnnle oouilibeivn aanatont,

oand I 'f,'ac gorrooteld zoloetivitr eosificiont.

4/ Somioyison with Can {2) nhows thad

H
o 1 :'! ¢ o . [ -
2% . ] - hl L! \{ } f“‘.ﬂ. - /M:;B ::5“ - }3?}
mmﬁw + '_ + L £
3.t o kT
8
?- -y L]
N T — . ——tten = UoMOtont .
:1 N i
o
ond Shot the congtant ¢ Loy
A, + o B
C = - k4 + 3’!173 » .J';J
ﬁlr‘% Li‘j
ek

/7 Ppon Bam (5) we have a etroishd lino wnen mlodbting In I vorsum (1 - fixn
tho alape boing cauald o ¢y and tho indorcept giving the vwiuwe of In .

: Bhe seomnd Sorn o1 the right hond wide of Sgn (8] orlses Leon the goin

)

» loes in fren onersy reonliting v indoraction bodugon tho nelgh-~
Bouring oltes ccouplicd by iem Be In “’mm el ﬁ“ﬁ‘ich‘“lﬁ Ehig bora Ao LoPs
o Gingn no indorachisn anmu?s. I'n drroguloy syoboags in wideh accuf{mcy nf

A

Svie noichbouring olbtoen by tug dens I is unfavourables tha oongtant ¢ i

AeSHTATG e
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Abatract Shepandunando 18

A _a_}:;_sa*smet thormodynanie Srentuamt of loneszchonge squililris
has o -aéﬁ:ai?z Ponenblence to *ifﬁ;ellmﬁ’ﬁ BHHTOOR sreept that no BEBET
tiong o -'w undos This trooimant won devoloped first by &z*ge:ﬁ.,smger
Savidamm and Romer (2),(21)5(90):(185) and vy Wigfolat, Edohl and

i

RS ﬁm (6&}9 (114) émﬁ} sl vos 'fn'-gzsmm{i 4n %8 noot eonplete Zevn by

Goings and Thormes. (75). T wveoulros no nedel with mvtimﬂar wennortios

ond ngey only thormodynanio Pelobionss S

a
1
H

Tomi as-;@'*m{;u i plabubod o8 o hoborogomoous Fendebion m%*alvim;g the

aleptrolriss AY and BY and the reclunton AR and PRe Thus tho o a:m J@‘?Gﬂiﬁ

of tho oysten are the »dsingtog, tho olovtrolytes and tho solvonte She

| ‘:hewe ny = nuiber of makos of gpacias 4 i sho OROBANGIY &

troatnont am;a;i._—_-si;s;‘ @ﬁ;ﬁﬁmiaﬁ;}' :Eﬁa Hhe mlﬂu.l l’t’;ﬂﬁ az ‘t}&a thevoodynoris
cauwdiibrinmn congtant ond tho gotivity coefficionis in the lome-gRohongor
frem oxpovincntal meagurenento of tha soleetivity -ﬂwe.;ffici' geia] im?fiéx* '
garicus conditions: To thiz sim the Glbbs-inhan sgustion ia usods :mr
the sake of pimplicity mlvm& afzc:i @lwuﬂ@lorm ammﬁxm Ox £ea0hs nee
ﬁmm@ma@? ond the gcouster m:rm w"@ vegnried as wnivalente The ion
oxchmger phase ig vegarded ai o csswl;‘i; 1 polutlion of thoe rominobes AR ond

e The mole Practions of tho Lﬁf‘c}.‘* in the volld erg defined by

- ﬁ ﬁ} i L= . __; ' ﬂw—r' ' . o .
nf{ﬂ‘ + H}iri t . I . n“h@ + ni \3’{

4

fho timmr:ﬁémmla gauild .be'iw:a mm o;am‘; K ot tho u}nwa;miwu*e;

prougss 10 glven by

Oy =

géﬁi * PAY

5 abe o




ok

A the standard snd referonco abedes for AR and BRs the mono=
ionio ﬁ'éaﬂm anf B Lorn veanowubivelys sf'th@'iﬁnvaxanmng@r ure choseny
so that

ond o=l spe Ly fo=l o e {8)

She rational oquilibrivg convbont 1 and the corrocied seleohlvity

epefficient k ove intorrelated by

i = _“§R LA m s (9}
Rggg aﬁg £&E .
Differentiotion of Ban {6} vicids
dink = @iy -dinly ees  (10)

The application of ibbo-Tuhen eguation to the lon-exchanger phose

- gives
U+ @in 'i*’m + Hopd :m. . sir (3
)/ Ty conbination of these squations, use of Hyp+ §,, w»1ond
a ?,gﬁ + @ ﬁwa = U and parbinl intepration under the roatriction (5)
PEAs L3 ) . .
one ab%aiﬂﬂ-. | _" z _
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The sebivity ceaffielonts and the rabionsl thernodynanie cquild-
bhrium constant can bo caloulabod by sravhionli mﬁégmmgm'mawaim to
/ eqna {9) and {10}« Tho nunorienl voluen of _'t;heaa- z*a.ti%:m quantities
cannigt be compnred to the eorremponding melol quantitlon beeaues of
difforont gholce of thoe atondard md refopencs siotos. It mny ﬁa anpha-—
)Giﬁ@ﬂ thot the yational oauilibrlum conokont, Iin dontrast o the nolal,
squilibeiet constant le chovastoristle of the acloebivity of the lon-

J erRohanses

foudoy (499) hmp inbsoprotod polectivitlesn In lon~dnchange equili-
brin in the lmguage of g vory ninple modele Iia aﬁgm%m foature 43
tho sleetrostatio etiractions botween the counter lons and the fixed
iondic grounos 1% i.r: apsuned that all sho gounser ions in the ion-exchonger
1 ere found ot their éffs}._mme of dlosogt approach fm the fixed ionds
groupns Uriting AR and B8 for the nairs 6f L£ixed imie growps and
.czam%;@r jong st the dlotance of alopomt anpronohy ong can gplit the

a:’;'s:::nmg&a of 4 for B into the tUs pPoCLHHGS3

AR — A+ R | P {14}

B+B —> m see  £1B)
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Ponlomhts law {(uithoud any eorreetion) leads to the following
rasulte for he above Ms00B0TE

] 2 - LB - .
A ﬁ“i = / : _3‘3_ ¢ ¢ . ' eie (16}
| s T % € |
af A
a .
8
o3 B s 2 .
and ﬁ& = mﬁam p: e dr = o~ _f;m s (1%
Q

L o) o .
I ahom A {;1 and A{}' ars the freo onorgy chongen for the procgsses

£ (14) and (1 5’): cleaatmniﬂ c::k _rrﬂag

¢ = Gislootrio Gonptants T = Aistonco feon oentroe of Lixed ohnpees

ag = dotencs of cloaesd asproach hotussn coundor ion i an&'ﬁixgd

© donde groupe Henoe tho overall freo onersy shenpge io

15} o 8 . -3 - . .
AG = A{&i + A&;;; = ....:-%m . ( FI ‘—ji-* XY (1&}
and Hho thevnedmanie eanilibriws congbant K ds
A S “,:ME (G = 2 ) san (10)
oty L oy '
: a’ﬁ E?i:’é.
N | ‘Eimmfazﬁa o Linear polationohin thould hold betueon In £ ond

1/ai % {“he "wf}.w,!. lends gualitatively to W@mrmeﬁ of tho mnwamhmger

. 10')1,
- i’eﬂ @mmtfsr ion with the enalior o value and eamﬁe@,{of _S‘zi.ghcr Yalency
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Divoet attomyin Yo mesours heot shanges have neb with Little
BULCEH0s Fox dong of the nene val en@,z? this situabion is avﬁ.a@m ron the
faot that thouzh heat of edyorpiien valves arp knowm o be dualisr theam
2% Gals/moles values greator thon 1 ¥ Cal/ovle ore séldon not with; of

- eowrne in emapﬁiﬁaﬂm easos values o8 hich oo 10 X Colg/hole ave on

Eamz?cis : - ' ot

4 more *‘ssx*am’ita ng aaproadh o thormee-shonienl cguami*lm 13 ﬁn‘a&gh
s“in.a.e_g of the varistion In gpoaoont ew&l.i&ssim oongtent with Yenporature.
Thn nethod wao ollowed by Hershall and meargeﬁa 0 fhod aﬁmeé{lw}a _

[l the tenpornture dependonce of equilibvls 1o In genoral related bo the

stonford exafsiml;sy chymze; the stondosd fron {mez*gy chongo and the @ntraw

ghangss The temporatore depomicnes of lonwexchong® eguﬁibria 1o given

by the thermodynamie volationships (88),(c0)

T L4
fwmr) - -

R

jrand AG% s = A2 In K ond the thermodymenie oguilibriwa conmtont and

ﬂaieawvi'b: ars ﬁ.mwmhtaﬁ by

z 'ﬁ:'{ £
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e T @

- where X 3.::9 the rotiona) thormedymanic cquilibriun constant, ond
AB? ama A»&ﬁ tho standned @ﬁﬂi&l@g tad frep onersy ohongos of the lon
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ot axc}wzge A+ B —» BHAZ "’31 and £; ore the acstivity ooafficlonts

in exchimaey end eolution ond I 5 O the aotivities in oxchangoy ond
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{or desorbed)s
. Erporinents carried oul ot tos difforont venporaturos enoblo the
e enloeuwlation of the hoat of pdoorphlion or enthalpy of the renetion A Y
i, Teom the use of the Integrated ﬁl&mﬂiua«ﬁlammj&n souablons

: - [ |a | _ (.r

4 ™ A Gd
vhere G, and G-& avy the arouwnts of odudvhate in the solution phaoe ob
“tenperaturos 7, and %, corvesponding to the amo snovnt Totaisod in the
solid phase g% the two Ailiferont toopernturess Then from the rolation

[{ AP = AM - @ Ag; since AT 50 '
¢ (a8t tﬁmimbﬁmﬂ, e havo A = AH/"‘ o Hare AM, AF and AZ ove the
partinl nslal av“nﬁibieap ahareﬂﬁefxﬂtng‘ﬁha aquesus rhose in adeor tlone
it Bazehad {14} hap meedurod AH dircetly by dlfforentist thormal annlyois.
o Anglisation of the Gib!}aﬁimgmm cquation, B ﬁfﬁiﬁ 'nﬁﬁi"m = 0 eﬁeg thone
. brovides g means of mening fron tho thice guumtities APy AH ond
AJ o corvopponding values Zox tho oschonger phaoee
Tn most aces, coleativity results from association or aggreention
sroconncn oueh 88 conplex fovmabion in the lon-ewohengor or golubion,
Lon-pniy formation, solvation obos Thepe f}faeamw ore wenally dlooourss-
Sed b oan inovsase of tmw@mwvm Denco tho solootivity chould be exXpoct-
ed to doorense with fnoveass of tonporaburc. from general thermsdimanie
conaiderations also, the process of im.w&;z-ammgm shorld bhe nn exothomte
ono e it 1o assoclated with o deercase of free cnorgy snd andlopy. This
' 18 ofton. but not aluays tho case (83):038),(461,(52),(1395:(140),(163),

He Interppetation for omeanbional behoviour hag yot bean advanced.
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© . Iom-amohongo procesmen are offen mocompaniod by othor procedsses
which rosalt in comdidercble changes in entrony {48),(154),(224) . The
mﬁre iaportant contribution to the “driving foreo" of ion=ouchongn, les

ZJ /{o the froc am?m; chzmge; stgne ﬁmn uh@ ertvony c}mw given by A He

1

I Thia -tax:'ra ariﬂas mLﬂJ fron the em&m vy @f mizing, confipurational
pntmpy changen of the matriz snd fren changes in ordor of sslvent mole-
cules roguliing foom 'ﬁhé; forngbion ond d‘@@m&aﬁm nf ngsrepstos and
solvation shedlos Eh@ mﬁerg}mtmtim of emmay io thus ovill aonewhnt
onoewiat 1vos Bovevor, epnpiderable anount of werk bave been done with
roppoet to hoat ehangaé asgeeiated with $ho hydration end dehydretlon )
of tho e:mimmr natrix, sud 4% hag tmm rcaamitaeﬁ that the wrocess of
oxehonge of sobione for protons involves mcmm@ acrons o fized loyer
of uster neleculen on tho exchangor murface {13.},,(15?3-;C:&-Sﬁ); (149},
213}, (2an), {08} {223 )0 1% hao aloo boon ea’ﬁaﬁliﬁmﬁ that vanter vloys o

vopy Important prole in agcmwe pmaﬁsms Jsimcn;a vhe hydmation cnergy

of am!*mngers yanges from tend ef %hmw:m&s of calorles Govnards. In
this rospoat the contyibulions @f Tovrp xszi:.,n, lgwirenogy Boi ari 8t al,

Harahnll ond athmrs nacd onvefnd mzzzaﬁ&@mﬁmu

. ' T ' |
Thormodynanies of the emohanpo of TL(I) on aynthodic lon-emchonpe
resing have been carriad oub by Storshincta end Soldatov (227) end by

Bormer and Pruett (23)s

1:“1 the oegoont thesds hé cEShunpe dalo -@bmﬁmﬂ wibh bontonite,
ailﬁ.ca' gel and alhundniun hz;ﬁmmiﬁb. ond the inereanisc sstien 91 18 solu-
tions. of ¥LOLO, and TLOL hove beon applicd o cone of the wEll lmown



1 rmfla?.m vi,ug the abeiract th@“"mﬁm& & nethods Kigllsnd ond Bzats"v'e:i“q
mﬂa’m and the model of Pauleys Attenpt bng nlao been nmode to walumte
;th@ hoat of efsorption, tho free cnorgy chonges and entvopny chonges |

i fx'm a&mwmam studlos at a.szcreﬂt twmmmma.
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Padaracranhy of Ananluble substanocoss
Uhe veraability of the polnvorvash hkeo beon aaply denondtrated,

/! over sinco .Lk‘;\ invention of the polarogresh no an electre-anoiytiosl
tools Tho great majority of polarsgraphic work hns boon dons %o this
dayy wilth alscivs-gntive subabances in trae ﬁﬂlﬁ'ﬁi&‘;@g- SGtudded on winpo—
gravhy of sunpgngiong of gmé-ﬂ and sollds aro aleo tnown, though quite
seanty in codperison with thope of tho fovmers ‘

The vevoatile toohninue wag aloos aytended Zor studicn dn the
donodn 0 ;mﬂ!‘am*zc&i@@uiwq Trnin HalbhiofD, B Aok, Stricly aud othors

unad al fot Abwalics on ,lmnlrm Shniow, Oed Chosravard (228)
§505% } (13807; il‘?f};,\wm}.mﬂ it te ebudy tho dnserashion of sulphydzyl

/!
grounn - prosond in m‘?ﬂ%amﬁz with etiyd moroury @iﬁ@ﬁid@.— m@@a;ti {33}
H100 ﬂmmcza , GhAES e;f !mli’ TOve: Do cm‘f,i.al of tho peduction wove of
oy s vhin e on alk anount of & obnble ocuspimaion of bentoni%;e o
it1i%o o ma@a te the GS?JQE?J&QTE&“:L solobion. Siniler alidifo of half-
wave potantdinl hove olee bees eobagrved in ceonglem forving roeactions
/¢ by difforont wortevs (257), Thus sho obift in heif-vave potential 48
1 congidored a&ﬁz{@a of conlazabions
1 el (179) hoo ohown thet verious insoluble substences in the
y forr of o susnongion tmrzerga diraet reduction at the dranping uoroury
cathodes Hajer {(153) ouapestoed thot tho umﬂs_@az@& of nogitive c?wx*ggés
of ecolloldsl nicolleo zosulbtn in the depolnrigstion of the aropuing
.&”‘F’ mergury - cathode; tho roduetion of the micollon seemed Ho be very nuch
‘ srobablos Thops Lindings wopo -a-ém’i'ﬁ.mea b:.r Tho yopults of gtudy of sun~
somsions of ¢arhon blacho nade by Balivs ond Srushed (83}, Phey sbated
that the choni-gorbod @ngg@ﬂ on the surfoce of eavhon porbicles is

vesponsible for the refuction curvent ond ohowed that with suspomelong
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of eertqin.tyras of corbon blae& in dinethyl Lormnilde it was ﬁessible

4o obtain well reprofucible palaragrﬂﬁhle vavoss Mieks (179) ohoved thak
in sblyred Sugpensions of aekive chorcenl o rﬁ&aﬁivaiy gront yeduction
eurrent flown through the polarosvophic oelly vhile in o quiet suspen-
a%an.n@faurraﬂk is ohoorved,; vhich is quiteo in comtrost to normal pola-
“aueavhln worl in trma aolutions. 1o hos dlvided gubstonees inveshipnted
ite four claoses. Pirotly, susponciono of materinies vuch as sotlvated

chaﬂ@aal ondl oxides Like mongoneco oxide and custous oxides those gave

| irvogular wavess not et oll roproducibiv. Sscondlyy frooh srecinitotes,

‘such a@ sulvkides of load ond sgeveuny 5 thoos gaé@ gond vaves with a

shafﬁ aﬁa'r@@r@ﬁaciblaxmﬁgiﬁuma The potentinl of vhich curront wab oamie

ﬁaﬁ-w&a dharaaﬁéﬁisﬁiﬁ aé aqéh-prmei@itﬂte- The third olesd congiotod

" of ousponsions like pilver chlorido crd cilvor oxide, with which tho

#f
dmpovbant roould of this work io uhaz pubotances of cquel chenlogl cone

surpents deorenscd ou shondings. This wos atteibutod %o the odteratlon

; of tho adabe of thoe ﬂarﬁialéa due o agoinge Eiﬂally, the Lourth clo

of oubstances ingiuded ingoluble ﬁaférlals, guceh a8 baviun and lood
sulphiobes, These gave no ourrentss It has beon obtated that strong ods
aarpﬁima on the olostrode nurfeod 8 neccapary 1f£ reproducible goloro~
graghie vave is to bo obtained, and that the current is o Lunclion of

the pobentinl of tho ﬁronﬁing,mﬁxaury ciootrolo. The mooh obriking ond

positlen but of alfforent cryotellospashie constibubion bohave aifforens—

“Fly. Sueh diatiaction ithont the aid of devay analysise hod never boon

" posaible befores It brousht %o 1ighd tho imvorsant role of the $ype of

%hﬁ-ﬁryaﬁai'?aﬁﬁiéa in the p@i&fagraghia behovisur of dunpsnsiongs

”he valarmgraahie stuly of aone obhor ghyaiﬁmmaha@icél'éayee%a
sonpeiated with suspontionn ave =106 reported in literatures [loasurce
nent of the rate of atbainnont of cquilibriun with finely divided colide
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have been nttenpted by Tyler and inrohmer (233 ond by Vsdenhel and
tarizol (240)+ The former deosols with the rake of attolamont of an ion-
axehonge renction equilibrium, and usor & shiclded dropsing noveury
esthodoe Tho iabter nethod ia basod upon tho ;mlarégmpme aat;.émitmﬂ
tion of the varescted lom in the mtc:amﬂ&nemis: ayatene Ho alos ptudind

the effeos of the e&eg:me af sroag-Linking on fm:a.*thated eataxen of the

naphthgione~nphenol~formnidehydo tyno, and alse the influcnee of the

degree of aci&iwr onn the yate of attalnment of equilibrivas The rooulbs

of theas wovhers wery imnreved by Eia@omlﬁ. (250) vho doveloped o new
tyee of goll mgmcia}.iy sulied f@.’r}‘ Hho noasureneny of gurinee groas of
£inely divided golids in mwmmif‘m Tho tethod was boscd upon the pate
of dissclution of 5 05iid in 5-u&a@mmiam. samorckl's technisue alss node
pospitlo tho study of hebdoroponesus kinetict, is0s the adserytisn of
polarogranhicalily active @abs%zmeeﬂ ‘-:s.ﬁ suppennion of adworbont, vhore

the edeorbent 19 inactive. The curve ¢f pdsornbion was £Hund to hove an

.a';_apwite direotisn ﬁe} the curve of discolutions oad ito olope and shooe

niteate tlie aeoousibiliity efs_’ porete  Shio ko chooied for the adsovrpt-
ion of nothylone Wiwe on Pullerts onvrdthe Pho nethod hog goeveore iimito-
thonp gné henco hon m't fovnd universal application.

Docillocraphic o T}. sogenohy Gith ouspensions vao onrricd oult by
E*:é,lvoz‘i*a using alterneting curvont ot §6 c/s {123}« 1% waso ﬁ%’;mmeﬁ Shat
he ce_ﬁur of o subatancs hog 8 gerbtain biggsz‘f cinoal gone vhite cubob-
onoes are nod mﬁueibﬁ.@; Ga3ey Bim (X¥) cxide, tantalwn (V) oxdde .
Flbanivm (Iv} oxides sine sulphide. Reduelbilfby vwas clos found T
dopend uoon tho sige of the cobion ocomotituting the :T.ma.i.uble_ conpound
partioloe Tono it wao fouwnd thoat frechly prosorod zﬁreeinitaﬁ-e Gl olantne

Saxry mmhu' i nore active than ar o1d aulpbur or sulplwuy £1oUETS.



~53

ovever, no effoot was oboerved upsn the voduction mtentisl due to
differencon in mebiols gines ?aﬁimg ig%a-cﬁnéiéerati@m eolowr ond
size effoeta, preﬂiﬁ%i@nﬁ wers made rogarding the reducibility of core
tain gubstonoos, e«Ses conper (I1) omwida, noveunry  (II) walg%;ﬁeﬁ ebcey
vhich ave oncily ﬁe@aciblas J |

In the oroesont thools cortain mminvogronhile studies hove bHoon

enrried oul with sugponciong of oatlon~exchancors vise, bendonite, ver-

milculitos illﬁta; mmolinite, 01llon gel ond ﬁl(@ﬂ)gg on which 46 od-

aorbed cono clectre-nekive iowm lile @1 ov Ggemﬁd o¥ nothyisne hlue

entions



