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Various confi.tct.1na v..i.M'.-·us e::<J.et on th~ ceu$ea of ··_,_ ·· 

•ust.aehr~any \oJhen eation.ta dyes ar.a·· so.z;bed onto c::le.y mineral$. 

~jchUbert and Levine (1) 1 Bf.n:gmann am o•Kons~i (~) 1 'taffial;ash.t. 

end soma '3) v.ieH. metac.~rorMSy as ~ result of dyo~dyG itl'~:.erac­

tions hi!t\~reen _~erU:ene ri~ 7\ elcct:..t'Cbn&• "l nr.:$-v and Lur• (4), 
' . 

and Cohen and ~ ~r.iv (S) regard it as tha result. of 7\ int.er:act.ions 

bat'\iaell the oxygen of the aluminoailicet.a a~ the eromatJc tiQ:Je 

The pr~sent at udy has been carried out to thrcm .ft:u::thar 
. . /~ 

light in this field 'i:q ~inveet-igat.ilQ tho er~tral behaviour of 
Tr~l>r, Tt-mT, DE~·U?r and tJZI'i'.J:rl? \>Jhen sorbed by t(l)nt.;~nrillonJ.te, verro.i­

oul!te ~nd Lapon!te. 

BDOW dy-es ~n ·t.ne ViS J,ble rEi9,1.0U$ at. Varioua C0110t::n..t.rat.iona of 

tho dyes in a;.xueous ~~!Um. In alc=ohol.tc solutiG\&a t.h~se dyes_ 

. sha;.z psaka cS4 o nm · fo:t: tirmet~'l:f l i:JJ:opyl t.hiordas, 64 0 nm ., ..to~r 

trin"~mthyl butyl thioninap416· nm,~ :for PJf)t.hyl PX'OtJYl thioninea.nd 

64·;2ntn · _,. for lJiethy~_·buty.l thio1line,_. wnioh ax:e sh.ift.ed to 650 

nm, 645 nm, OS7 nm cntl 6S3 nm; roap~t.1vely .Ln dilute aqueous 

sol~tion due to solvflnt ef<fact. (4 ). Tl\reae i.Mltima are due t.o"A"-1\* 

trannition end is ref<.~rred to .a,s oe bani (6) • :.'}boulders BJ:e 



'itl:'it~byl 1-mowl t.hiGrlioo 609 ntQ• t:r:Jti~hyl butyl ~ioa.tne 

~~1 nm, diethyl me.thyl l::lro;pyl thiOaine S9S nm; and d.iethyl methyl 

butyl thionim s-~o ntn. 'l'beae ~~ro referred to a& p •.bMd.• ~'J.1th the 

ir¥-:!rea!le .in the cooo£u1tl:'at.it:H:t a.t th a dyea, th~ oC ... ba,nd. int~n$ ity 

is so~a to d.ecro;.:use. -w.ith correepstldi!lg .i.:iQr~nse in tba ~ -b~ 

.int.f~ns it·i• ,1l.,QoQrd..t%lQ too H.10bae l.U \ & J t.;che oC • .band is oharact.ea:is ... 

t~tc o~ the •nonorooJ;ia e&t.la1 end co:r:£;as.von~a t.o an .,leat.ric o$OJ.lle• 

t.:ioo .r!long tho ;;..:•aNJ.e of ·the tn9lecule (the long ~.ta) • Th~ f ·band 

itl eharac~er.int.ic of the dimer. lltld corresponds to an OGc::illat.or 

.in the y<l.traot.i.on 'aborter a.M.iD itl thQ pl.at:te of the ~leeulah 

Bergmann am ()• n:otlSt-;i (~) believe that. thtt f -Pand J.a a transition 

ITr>mtttlt. ~,h ich liea· ~~o al.o~ the long &His Qf ·the nulecule but .iS 

perturbed due to an inue~aation bett1eea the t."aneit. icn morm .. "'Qttl of 

the mcno~r units. 

on ftn:the: .ir¥::r:eas.ing tho dye Qonc~t.~atj.ona, the {tJ •• b~ 
qives plooe eo a band t.c:r~mJ;"d~5 a~..ill $}lo:rt.~r wavele.n;Jth•· '!'h.W bend 

is rather d.:U.tfuse ~ad; a r:e:e-ea to as y -.band. and. is .cllareateris-

o.f the: Oli!fl...dym 5USf)$1S1ons ;prepar~ &nd OOt.~~in.itled by t.he 11'10t.hod 
. ' . 

<lo~oribed (in pa.il& ""16) are give11 in l?J.ga 101. The speet.r:a wePo~ 

recorded at. 3 rosq9 a.s raeq, 13 ri*I, 26 m;;q9 39 l:MlC1 oi tr.i~tEthyl 

propyl thionine adso~ per 100 gm of. t~a~monttnori.llon.it.e. The uv 



$t~eetrum of tri~~l !i~OP'/1 thionin.a s..n aqueous m.~dium 'li•ith 

oc0l':a nt 28G J~ end· 245 nm does oot GhO'JJ f!ID.1 tmpP~aciat>le ch~ 

du~ii:.~ t.hio tkud:.f• 'Vff:ifij~ ga:eet. ohWlgeS ~ere.t hO'~\Ter. J:lOt.ic.~ 

~~J.t.n tho 7\_:_7\-x< tran.sit.iou b~16 ot t.tiH~t.hyl _£.)t'oWl t.)l:l.onine in 
the v.tsib!e $p~trum ~then .sometl onto ~ie-m.."'Jlltmor.iilonit.e ser~ple$t. 

a.tmiler to those Ob$el:Ved ~ a'iStt.hvJ.ane blue -and l!ari<J.~.ne o~;ang• 
. . I . 

by (ij~rliar t~1orkora (2-S). ~e A ~a,t val~ lZo~ each· cu~ ~J:e 

g.iw~n in· Table 26• The .tntena.tty oft band .18 se~n to illi:~~se a$ 

~:re ~unt of. t:r..1~$thy.l t?rowl tti.tooine is aotibed by the clay 

ana the taq~ a~i~Ulit. Q;f ·dye ~rl~t\· to-give fo ...band 1nt1Jce.t.aa that 

LOOt~hJ:oma$y nl!ay haVC)j ita ~ .. YJitl .in the int.erl(!ffcJ: :tl~laea _of t.tae 

aley etruat.ure 44}• 

~d_.!;':ft'.l!ti:t;:.!On tfi9i:HSllU:e~~--~-~ ,Jll,O. \'>.t.:.b$1!»!51 tiJ<Yl!\Q_i~'l.."'!' Of Oriented ,...,.&lllkJ. ,, J ••• ~ .......... ~-~ ............. "'llQ ~ '$:"' ~ldl -

1001~ of trirllet.J:lYl pxoPl(l t.hJ.on.in.e ~soa:"bed fJJere d$t;aJ.:rs'd.ned td.t.b 

:3~:1ple& VISOUUm driad * 120°C fo.r 24 hours ~hOWtl .itl T~le .- 31• 

'i·d..t.h i!lQ~~as1ng .a~u~t~ of tr:J..l~thtl p:rop-.fl. t.'hi9KA.in6 $orbed 

to~ c .... 5Jpac~ln~1~ g~adu?&lly· it.~;n:eaae suggest.in~ .int.erl$Yt"tii ll@~;:a.. 

t.ion of· t.he _~e. ~U.th SO% c'.f trii~¥Jt:byl Pl."''.P'.fl tllicn.in.e _4deo~ 

0!\t.O t:~,a-~00rlt.ffl(;)ril1.on1te, ehe e.ff®otiW «olc;.Q~;!~.t\t:' thio!IDGGS . .f.G 
' b . Ch; C:.t< ~ J> h~ . .,.,. . ' L. -. 0 

· 13.9?55-9.411\(t.he efifJ,et.i•m A6~/tt"Uk--~\;u'-<;O~'ct .. :'bh.e.rz;14) i:li 4 .. 47$5 A--o fnhicb 

agr~eB ~Jell . tait.h ttua Small dime~sion Of t:.llG dyt? mDleC&.ilS ( \7 t 8) 

itl f.lat.ly or.iGntod tl\O£l0.(11U~'ia form. ;.~cardin; to :aergm&nr.i sod 

Otltonwki ,2) in the c;:a~e of ~ti;Wl®ne bluet the cU.~%" .i.e· held. 

t~Jeth.er by t ... oauon t.'l!o.vers.iotl forees ~na hy"dt:<.1phobio b~;;.n:iitig ~Jell 



.. · 

ove·l:!'<:otlli!: the eloctrost.at.io re.L;:,ulsio~l between t.wo dye cm.~j.Ont.h The 

dit.lp~:raion forces should be ureat.eat. wnon t.h~ mt:llwzner uw.t.s are 
' ' 

in ~ saoot~.:k:h \~ ith r~rincipal moleouler a:re-e . almost. parallel.· '.the 

coulonbic repuls.i.on td.1l be minim.ts~d when the charged il'i{t'lin,o gt:oups 

lie elong oppcmit.o edges of tho aandv·lkh. '!.'he structure oz:-iginally 

tll:'Ot)OSed bf Forster \S)} has a ~-a:t.iS. With Un.i.~ lengt.hf!J. o.f at la&st; 
0 I , 

G r•• For mc;.nt.<~r.tlloni,to, it !~st'All that wnen a dir.ner of aet.hylEUle 

.blue ia preg:ent in tho j.tlt.G:rlaye~ spi!ce, a c-spoo;U"lg of wout 
I , 

:1$ .• 51\0 is a>."'...bectt..td. ;;~ 4?.Liniln.r ccal:::luaiotl haa beau .arrived at. bJ 

War~ 1 n~l a~.t~lay (9 .i who noted that a c-spaoit:tg of eoout. lS. 6°P. 

:is ;r;~r.l,Uir:ed. in the .int:.url~Y(1l~ Sl).$Ct) of mor~tiTOJ;illonite to aecort\'1\Q-

.. date a doubl0 layer of flat ly.io-J- root.hylene blue trolec:.H.U.ea. HoWever, 

t.haea v.aluea 'lfioultl be aot~what; high~r for t.:cJ.srethyl J:.jJ:CJpyl. th.ionine 

and for d:iethyl crn:rt;.hyl btAtyl t.hlcniM beoa.lJSS they have thrt'ee 
\ ' 

<~hyl gr.t)Ul'S lltld one big~et: .vro.t~J'l or butyl g~ol,lp ir.wtead Of 

four :;rwat.hyl f:jX'OOPS of roet.hyl$r'A&l blue t.;t:ruct.Uret• i~.<~QOWin.1 to ~ariv 

and r.aurie \4.) ana. cohen & rarJ..v (SJ in thG cases of oottiylent9 blue·, 

~aridine orange ac,~·p•tion on montmorillonite• a monolayer of the 

, &.tea .:tn the intatlo-Jelt' af)aC(I) tllit.h the a~t::A-nat;J.a rin;s parallel to 

the alumiuosilicate. layer \7) is ex.,oocted u!;lto a C-spaoi~ values 

of 13.or. 0 approxi.<nately. so .it is cJ.ear from the ~.bow Ciiscussion 

and .'J~ ... r8y diffre.ctiozi d(lta that ot'll:t .a monomolecular layer iG 

i')rewei~t .L"l the .itltarlmyc'.r S£;_~at:e of tha ~oontm:.Jt.tllo.n.ite U.Pt.o aboU~ 

SO!,!, Stlr~tioo of· Tt:l-:nethyl. p~owl t.hiooJ.~~, the ar~=-r~td.c rin1t1 

l1 J.n; pa.rall.el to t.h~ aluratnQG.tl.iQat.e . layel: 4'1l. Thus• met.achtrorrtasy 



of 'l'HVT upt.o $0::~~ ads·orpcioo Qa>ll10t be (!ttribUt.~ t.o J.t$ climer,i.ma. 

r.:..icHl titr polyrt\tn:iGQtion a5 SUl:Jgest.ed by Hetligll\.1r-JA end O'!:!;ons~i · (2) 

und 'la:~gashi md soma \3) but may h;a-va i:.~eu ea.usd tq 7\ inte~ec­

tioas bet.wean the o:({gen plana of tna aluminoaiiioat~ and the 

~~~~t.io dye aa ~-.n~;~@.Bt~-'4 earlier bJ ;tar.iv ar.,l{l Ltu:ie (4) ~.nd 

cohen. and r~r.tv (S l. lrlit.h thta largo& amount Q~ TI!WT ao:t:l')t.ion, 

1'\0t>JOVe~, the C•Slil&Oin;~a of t-hormelly vaawm d::~a .aa;e;ples ere 

greater.- tha.~ ll.OA0 i~i.cat:.i.ng the ~esencc of: a bi layell: or 

t;n.t.ifl9 of the eat..too.:to dye ntolec'Ulea reut.tw t.o th~ elumioo-. 

siljoate l~)er (1). 

l:,ig:. 111 dep~totG the r.~~~tx-a of (llff~~ent amount~. of 

t ri~thyl li':topyl thion.tn.e ll(lilJc·~ed otlto rt-J:i'Ont.m:~r1llonite. Unlike 

- in rsta...,Q.montmo~rillonite &y f~t.e~o, the ~ -band ia 1>r~-nioont. itl.ith t.h.e 

cC DP.:u·•..d al.r~t (.:OI~l.t.~eJ.¥ auppressea ev~n at; as· a low e.n adSoJ:ptJ.on 

eo 3 r~l.oo g of the H-cla,y. Th~ PH of t.lle H-oley is ~mt)unt. a.s 

t~o 4 and it. .is .believed that. the i.~:~SA.t.i.vely cna:r:gel ele.ctr.ieal 

dollble laye.r: an tna edges ct. 1;he cla;; $.t suab la.r~ .PH reroains in 

effective .for exchange of trte) cationio dye ionn. due. tQ ~epulf.Sion 

be~t'J~en s.imilar char;es ( lo >. 'J;he tU.libst.rat.es, thua, tWJst ¢t"ltcr 'thB 

int<crloy~r of t.he mineral without prior coveria;t of the edge 

exchange eites .:t.n·H..,.~ntraorill.onite. S.i~e dif·s aggregation at. such· 

lat4 va.luo of edeo~tion (3 ~100 · g l is i.t®t."Cb:sble, the tl't:U:$-

ohrr...mauy is lle:t."haL>S !nitie:tad !n the .1nterlamal1ar $pa.ce tht'ougl\ 

i\ :tnterootion between the d,rG molecul~ and t.he ej.l.icate li!!Yex:s. 



In rJe•roontroorillwl.f.te (~ = 1 )9 ·en the other h~na, bot.h the 

eleotrieal t\!.luble lfl.Y~~s ~t. th~ edg~ Md in the J.ntorlanellar: 

t'ilpo.ce er.e negatiwly d'H~ir9et"" etn the fo~r O('H'Wt.it.ut;.eii ab~t. 20.~ 

o£ t.ne total o. e•th ~;>f the 3\tn~u:al (11) • ~h~n l!r,n.:nll at~unt of "t.ba 

dyo. ;is ~dad t.t> l>te..t:tlay, it is fi~t. adaorbed onto t.h~ ~~ of 

the cis,y plat{~letB \4). N:. this .stag$ the a6so~pt.1on b~ is 

. mir~\iltSr> to t.hat f>'f t.ne dilute· a~ueo~ aolttt.!On (oC' .. ba..~)• .:tnd.:L­

cat 1nq that the hyd~etion at~t.e ·Of the ~o~ orgen,ic ~Qio'>lt;ctJle. 
I -

·ml:l of t:h~ dilut.e aq~aus solution at'e s.ttU.laJ:. ·But M Irore and 

<f~t"6 dye ie adso~ 'bf the n~a....cla,y the (3 -t>&t4 gtedt.uill~ attains 

p:ror~&it"leilQ0 en.t-~ges.ting ~hat. the n\'!:t~ln~omatid J;)en<.\ (~ -ba~l .is 

.at&_~ibutable t.o .tl.~ d'iG m,:wcule.OJ \vhJ.ah ~net.rate .into .i.nt.e&-l~;er 

Thue fro.il ~bEl sbove ·st.udie$ o# vJ.sJJ:>le ~Sl~tlf:'& end J+-'£ay 

diffr~t.ion. data on sorption of tcr.f.atf~ll¥1 propyl thiord.ne tq rt'kmt.• 

~r J.llonita it may be inf'e:t:rcd that t.he ~~KOR\,;'1S.Y is .. mitiated 

1:1het1 adsorb0-l eationk dye is 1ooate4 'in the int~rlayer .upa:s aa 

a ~nolayer t•;,:tth the l!Utomet:.!Q ri.n;rs parallel to the 01U.'ll1¥-'l0s.t1ic:ate 

l:frlyer: causing""' J.nteract.ion()bet.w$en tne o.H~"'9Gn pla.m of the elay 

am t.ha aromatiC d,teo 

100 dap JQw the ®an'\;e8 na~io:~ .:tt.a th~ v.;i.J:Sible s,peatra 
\J . . 

... 
fot:l'l'ad ~;J}len Tf~T e.nd t~a-.!llOnttOOid.ll.oflit& (O.Ol~) a~ mi'Zt~d iil pt~ 

tWt:t.ions aort:esl,~ndi~ t.o 6.3 i~• 13 i~t 24 ~q, J,'a ~~ e~'lel 



·. 

•113-

c.t ~1 of Tntrr per 100 gm ~ l~a-mor&tmor:.t1lon1te. 'l'he Jl t11BX val~.Ws 
I 

art:rs u umi"n1n:.1~ed in ·1~ abla 2G• ~~ha band all.\ft x:eil\\JiM oona.~ant. bfbyon4 

an ad~orpt.ion valwr. of 26 tttc.'q/lOO gn~ ~·he graaual ®el'eeeta o£ the 

c(_,.iJ<lltld int.oos1ty as uhilil amount of 'l'l:.l'.B"f' sorPt-ion is .tnc::r;Q[':Htied, ia 

not..tcenbl<at h~re as .itl the osoe of T:t:!l'I~thyl p':copyl th.ion!ne men-

. t1oned ee&-lit;r (No J-b~ntl). · 

~£q~ S!~\<all .. u~w:;emn.Jr.• 'rh~ val.OO$ ott basal ~,?ec.i.n;a 

of W~.mont.~r;tllort1to-T~tnT r.l;ll.xed in var.y ing pi.'Ql)Qi:tiona ood dJ:ie6. 

unrlar two d1ffQ~nt. o~;;;ne~:t.wn~, a~;e sha~a in Table- 31. ~o doo1 

valuaa of 2S%t . 3SX.; S~s ood l<n% Tt1S'.r elrohongcd Na-tntnt.mor1110i'i1t.e 

{!!ft~r hGatint'J t.o l'20°C flit:¢~ l5t~S051 lS.S0$1 JS.M2 and 15.791 •. 1!& 

~ln the oar~a of Tri~t.ht 1 IJX\')PY l ~hionine 4'tfli,)<f), here tilso e 

t-llfl~J lo lay~£' iD fm:~dt at least. tapto 25::~ ~Ot',Pt,iOkl Of the aye, 

in the .inten:l~y(ir n~~ tl.it;.h the a!ZO!llatie l:"in~s ]i;Hl~a~llel t.o t.bQ 

n1umioosi_l . .1cot.e · ~JYOr &nd ao the ~t.acht:'omo',.t.y ie cau.s(i\'.1 bJ' lf 

:3~ntz.erent.i(.'»f'l!.3 b~·t."~;~QQ tha OWJ'9fi!O. plml<:t. Cf t.be GlWMUOSllic:at.G OO(! 

th;e aroroar.ic dya r.tngs. 

r_:torpt>!o..~ o~ Y:ltt."~ ~tUt~l .w~l· th.i:.Ott.ine oo H-mout-tror.il::on~te' 
~• ~- ... .,.. &.-... 11zt1 1 ~ .r l • ~~..- • :it ·•"'"" ll} ............ ~e•n::wae • WJ J 1 • w ,:::; •u= ... 

f'!,t. low adSorption of TJiia1~ vi~·-·· -/~·- 1Wq/l.Oo· gnl l;;.y H-m;::rnt.~rt­

llon!t.e e, epeet.rurtl !s obtained in ~.tllich the eK' •bond 1$ only a 

f:Ihoulder ~JhEu::~as tho ~ .band st.snuo out. in 5hQQ'> propo~ion 'Fig• 

lt2 and table 29). 1>. s;tmilar ~avl.our was oot.ed t:>ar'l.ior wJ.th T~~T 

and !vl-mGntArorilJ.onit.e ayetema · 'v~Je 111). ·The {H,Jbat.rrlt..cs, without 

prj,or coverage or the (..~as directly ent.er illt.o t;he int:.er-

layt$r tspeoo .itl Ji..,ffi".;ntmorillonite \10). :!n the louar e;«lhooge levels 

e m..:nl.ola-JO~ of the 6,1ne !a si~~.lnted in t.ha int.er....::lpace while ;mt. 

highetr e!'(01rulngQ l~vele a b.U . .t:~.yor o.t" tiltini!J of th~ c~~i{,;~n.tc <lye 



rel~t.ivra to. the al~o.sil.Wat.~ cen be fumJ.sboo• :tn ~ fort~r 

case r.tetacht'omasy (:lmtlot be at.t.ri.but.ed to poly;ner.:t.sat1oo. of e:f'!~T 

20 thO .Qley i.nt.arlnf~ bUt. .is Ciue to 7\ interaot.ions· be't"'l~K;m th.$ 

o~gen plane of the olSf ~"ld t.he m:omet .:ia d.if~h 

sor:Pt.iotl of niethyl ~yl· PX'O.t'Yl thio1®e ana 
liiethyl !tlet.hyl bl.;ltyl t.h:it;Qin~. on Na-mont.me::illonit.e 
.§J!li .fJ::rea$~.!!£!.UqlJ.~Fe' .,.,..M. ·a • • .. ... ..... ., , ..... , "3 • ,_ ... 

of UEl'ili.:l<l' t:u~ :Dlli!«l'r .by .t-Ja.~r.\tlii.>rillonlt$ and ·.t-t.m::mt~\lOllillorA!te 

ar{;) ohaPin. in. Figs. loif,. 110. ll3 anel 114. 'Xllti. A ~ values a~ 

l::teaorded in T~l~ 2G al\S ~~. unlilte ill tit5: ... W.o>nt.morillcn1ite a'ad 

'I'M!.~'T .an~ TW.lW ayllttl13 ~wt.~ro;~y J,a. ap.Jarent. li~~ e,veo. at low 

i110fi~)tion level of Pye 8lli3, the 1utmsi~.:.y- of t.he ~ ~elt .1$ also 

f!Jorpt:..:ton of Trimethyl vro.L)yl 1'hionin8 on 
. ~~-:o1(€1i!,'l~\!..~.~~~Jl!~l~~ .... ~-- . 

o:f '!'~1:/PT bj N~veJ:mJ.eulit.e ~d H•vu.t:mieulit.$ ere ~Shot.in ;tn l:'.~a. 1lli 

and., ll9• 'lbe A max V3lues are ~ecoJ:®d .tn Table 21 ana .ao. unlJke 

iia ll~a-m:ltit:.rEOz::illoait.e - Tl-~ 1. 'l'I>~, PEMt~ and D~~wmrr sys~etl\J1 
itr~ti~ChX.'cm-;asy le app~rent net"U @V~tl at ].0".4 sorpt;.ion l~l Of Tl<~"Pf 



-
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by tie-verwl!.o~lite aoo. the .tntensj;ty of th~ ~ .... z;ee.k. is also gz:~&ta~:. 

?;him m,;~y bGi attributed t.o t-1~ hi1:,Jhiilt' ona~e d~"sity· ()z r:ta.vaJt.m.i• 

eulit~9 .oeoau-se of ~lh.!eh, ittlm .iLlt..iitete 7\ 2.nteraotiou .betMeen the 

~41gen PlaJ3$ of th~ clay err1 .t;h$ flr'..ltnat.:k: rirt;;$ of the tly& _t,~e£ 

Placet r~~ult~i.ng i~l the hi9h.er it"Lwtait1 of the P ... peak $Ven ~t. an 
!ll~it'ly St~t!!f of a(la~1on.• BeaJ.i.;d.es, .tt; alSti! a.t;'.lJ?Oi\1:5 .that t.l~~ *'Nt'itler. 

of negati··.ye edrJe ~~:xehenga Gites in t~a~vermteu;lite J.e. quite ttuttall 

~a eortper~ to 'Na.n'\Otltroor.tllol'lite and thua the int.e:~layar pena... 

' -
bit~~ 0ver1 ~t. v~xr:y .lt:'M ~::oent.age QiC t.t1e dye aer-vt..ion J.n Via-

vel;~oulite~ $:!.tulle:: obs<::rvt:&t .. tou h!!S ml~o .Qeell metie in the soJ:r>tion 

of ~~;-f~t';;· I~:t ·.g.,;.Vi?~~uicU.l .ite ~md t!ao. ~ertts }~ind of · ~ns)lanet.J.on roo:t be 

oiferad. he~t& also. 

Th$ 0.C .pJld ~ -b.\!nd :.li~et.u~i~ies ui.:'e al.£(C()st equal evGlln at a 
' ' ' 

low perc~nteg~ e>t :aor,pt,ion· i.e., ~·a m:;qtlOt> g ~l:'.ig'• l;:.l6) of T-HaT 

by N~lil!'verm.teul.1.;t(;,. ;![hfJ · ~ bar.lcl ~reatAally il'kJre:ar.tee in ~l\tes:1cit.y · 

n:ld. o( b~n~ dwittil~~ ae the . eu\o')uat · of 'l'MiYf ae:teo~ m ta~vermteulit.e 

i~rr.Nt.se~. ~he ltrr.sx valu~$ of o( .band ena _ (3 ...u~nt1 are su~ised 

:tn Tabl~ 27 end 30. 

J\t4 in a.,.,montmarillot~ite, 'here. -_also a dominent. f band is. 

uot~:~~ea c~~n at e v~ry l~ ~~e~rption value ot the d~ tv H­
•J,:;~~m.ieulitc1 \SJ;q •. 1.20)_, aug~f$_Sti~ inte~layeJ: panatrat.J.on of the 

. . . . 'l"e-
d~'e fl:t?i<~ thG initial ~ta~ea c.r;f_ sor,!?t.iOil o..-.4~ t,o ~ preeer.ce of 

4- \ . 



I 

I 

t.h$ tal.Gctrical double layer at. t.ne ~es Of tbe cr.~st.al. 

tfnlike in Tt:<;Pf ,edsorpt.ion bif Na•verm.:fc~lit.~, Tt·$JX tn:)).ecules 

PeJ:hl)!iJD do not. get. a smooth ~nt.ry into t.ha inta&""la:r•aJ: soaoe of the 

rni£wrel bec:auae of it.fl much bigg~t; s.i~e due to th~ p;;e~ence of 

letl¥6 eide O;."l\!lin ('rhia iS. al~o rei lee~ in the lower .«i$xJ.m..im 

Oi!Pecity o:f this d:r~ on llo-varmJ.oulit.~., ~h.i.Qh .:to co;twa:ced to the 

cwa.c. of the mtnr;r:~&ll 110 m!q/100 ~ml. The a.tza .t~ct.or pe~ape 

~c~cu~agea the (J::ffa Ublecul:e$ t.Q b$ .admoz:b~ onw th®. exte~:ioJ: 

~dga excha.zge s!;;es Of 'tlte m.inG:&al ;f;b:st,. \iilllch ~~laiM thS 

<l.if;JEercnce ob51le:rv®tl 1~1 ·the int<&n:tsi·~.Jiaa o~ f ... t;~ld of taa-v~t"~Qulite 
' ' 

Tt~~ and Na;...vermic:ulit.e - Tl-~T. QllQQ ;pene~:tat.ion of! t.he1int.~t'leye: 

tel~es place,. -the efa=act t:>f hir";:Jh oha:t;e deu.eit.y of l~a-vermJ.culJ.t.fi 
?' 

in eausing a rrcr~ !ntAh~e .trit0r.n.ce:Loo b~tt<~oon t.he aromat.io mole ... 

oule ~na· the O!l(yga~ pl,,ai:l$ mi tha silic,at.e layet becomes_ ot~ra~iw 

~nd i3 reflsoted in the higher , .1ntuns1ty of f -r::eal-: o~ ~i-iB't !ti · 

t~ver.~culita ocmpleM than J..u ~a-~ntMt.lO~.illcQ!te complex.· 

.cn~r-qea for va.ty.in; 'l'MUT• orn:tEf'T and Dt;~·191" aetw:at;;iotW on tht• 

Vel::'!:"licul.ite· ~nd 1'1-'Vc:t:•aioul:it.~ reaJ;>t!t:t.iv~lY• f!JfJ in Ttq.,~ snd · .~a• 

vex>m:!.cul.it$ .int;.~rn~ti.ol~, h€~t:e al~o ~tach~t:ulattj,f .ie SPt~a:r:ent even . 

et a low sorpt.ion l~wl o~ ~he tJd.omne dyaa ~w th~ intens.ity of. 

~ -f.Jea~ J!.G {l~atel:' than t.hnt o£ o(' •i;:.~;nlt in mo!'MI caooa. £J.:nilaJt 

e:.cpl,fulnt.;b~~l ·~ -in th.G oese (.>f f)~~'!' ""' tJa-vermiO!d>lit;.e rCOiaplexes 
• . o..l:ll.-e 

asy
4 

be o£,fer4.:d,. · . _ 



· eulite ss deplet.e.d ;tn lt'igs!t lQ;Q1 lt.tl, 1~2-· arl'2 'lJo;;x.y mucl\ s.tmJ.lar 

t.c th,.Gne obs~rved for H-montll'Or.tllonite ar~ ~way i:Je interpreted in 

,. !~ Ot:ii'lt.rast to. the. obat::rvatio:\a made ~l Jn:>r;t.;no~il.lo~it.e 

uttd -.."e:co,n:tculite fiiri\t.etr.s,. the. epe~tra of ti;""ls dye adsor.tleQ on Na­

'i.af'O~U,te .~tar:>h1Wsions UVto ~t. 64 r~q/100 gnll& appa·ar: to 'bear an 

.. ('Hl<.~l03Y t.o .thoae ¢u:'-fJrved. £en: dilute aqueous solutions of t.he 

.«lye Ui'i9.• la:a) shcwit"Q no .met.ecru:onl!?Jt.ic ef.f«tt.•. 'rhe f .. banrl mgins 
' ' 

t.o be viewle only G!l !v:1d;Lt.ion · of a fa#lY _1e2:ge_ amount. of dye 

(:;a mrflq/l.OO sam end 100 ~~.r/100 yrob'i to t.ht'i :synthetic h(2ctor.it.e · 

i,uuapansion. Vansant. s~ Ymr.iv .,22) t:tlac clid -~ ol:).?e:rva any iOOt.a-

chror~tio ef'f~~ t>t'hell .they. etleor"oed roothyl violet onto r,la-.1 K-• 

or C~! .. apcmite•: J;.. M\1 band, i~. the form of shoulder, G.P.J:)O.SZ:O at 

.606. nm. ~1.:1 van in F ~· , 127 • 

. , ' 

amounts -o~ "ll>M are added. t.o a suspension of Na-LeJ.PQnite. 'l'he 

r.:h:U!t.s in )\ ma~ valu~s for oC .... ~ mnd (3 -bena, are .tcecorded 



, I 

·:f 

· in Table 2S• Met.achr~tasy is Cb$axved only sf~~J: a ta1rly lei.'g'G 

$l~~nt.- of the· dye has been atltle;-d (L .. ig. 129)• 

~.rhe changes in the s-~t::a;·r of :OEMi?T ana PXZKiT wben VB£ying 

atmunt.o of the ~.1e a~r.cr:_ &l~~t~ by' a ~uepensdon of Nadt:ePQt1ite, 

are showt'l .in u;tg. 125 m\4 126· n~re a,lso a ~achrotM.ay 1B ®sen~ 
. - . ~~ti~"((.: · _ la~a amount.a} o£ · th'ID ,~e (90 mr:q/lOG and 100 ~100 om 

fer the dyes) i\OVO b~en t¥-iSO~De¢1• i'feb1® 29 t'et.lo~ thO . ) 4RB:lf 

Vtllluo-s of the 9C sn.d p ... batlt~ as t.he m:rro~n'4 of t...._.e d.yt:\ll £So.-pt.i0ft 

iB .i~ ~uas$t\. 

It is avid~nt. from the alXJ,W .®8laryat;.i~ that ~a-tr~onit.6 

differ;~ widely from. 1\l(lt'""motltmorilJ.oni.te ~ t-.f~V@'J:m.tclllite .tn ita 

iJMaviour: t.(11la.~ Tt'Jl~. -r~-m, OEMPT and P~iST in ~et;pee~ Of me~C.a­

chxo:ilasy~ ij."hus theme f.1ye$ Tf·'W"l,. 1"f·ll't, l)l~MP''J: &oo PEl·mT $hCM sligbt 

m:lt.atlhrornf!tic beh.eviowz- ct:tly e~t.ex:- awlf.ieicnt quantJ.ty of t.ha&n 

hal! been .adaarbed bi the tttirlGral and that. the oc -bandB n1:• l.'tsually 

mare ·pr:cmJ.oont then t'h.e ~ banda. 'l'h!~ failur~ of the thiea.ine 

ayes to exhibit ·rlbtaoh:r;oltins::v at. 10'1'1e):' adaor~ion values ro.ay, 

vex-haps be at.tribut.oo to t.hes looor ch~rge aem:;;.it.y vio•a-vi$ the 

hi911e~ swelling l:'Jrt~.Pe~ty of the &Jnth\~'tic h.ec:t,or:it.e~ 1>$1 a result 

ol! high swell.it:q l~e ,amount o,il wet.Q~ ~1ili be pxeaen~ in t.~ 

itlt.arlayor srn~e o£ t~a-LailO.tlite \1hioh pe:z.'tn.tt.e the hy-c.lt:ation Stla~US -(:;£ the ad.sOt:be. · tl dy~ .;tons to b\)l s.t~r;U.a:r: to t.b~~ e~J.$:ti~ .iil t.h$ 
~ . 

{iilute aq:ueotw: solufJ..ion o~ the ¢,yQ.:ii• l-"£1® .fl:om t.h1~ t.bt;;: int~&-· 



of the silicate le.y~~-·cl0.."$6 etlQUgh t.c> 1r~lU('J~ ·7\ ~leetli'CQ. inte~ee­

. t.ion p.erl\aps bet::et.\00 o£ the lOW Cha~~ dG.nS~t.y o£ tn~ $y"ntnet.Jc 
> . 

cl~t • 'lhie is eleo in e':dreet~nt ttith · t.~c.:r oomena~iou ·th.atf .t.t\lii 
' ' ' 

inceneit.y of thet ~ •.PeaJw ·of ~no. ?r~•'\Nir-~\i.O.kJlit-e· ccirQl@.»c iS· h:i9h~r 

ct~aa that. o:f t."l:e <.iye..room;.nor.illollit:.~. eodf)lG3t for the a~nt o.i1 .d.ya 

~(l.\Z!Jtio.rl, pr~.)bably dw~ to th~ fact t.net the high~~: cll~e densi.t.y 

c.n,t"l i,ttWIY ~h>iell.inu pxo.;;.>~~rt.y of the tor~:: rnimu.::al emance the 7\ 

J.rJt.eractiOM td.th the OXlf~ ~lane ~ the Gl~1li.n.c;sJ.lic&t.e 1Ely~:r: 

i!tt(:l the clye, t.hrt~reby.1 leoo.itl'J to' a gr~at:.o~ .f.nt,<~rU9.it.y· i~ the p 
band• ".rhe obs~tn:vat.iOn of :~t:schratna8y at. hight1r adso~t;.)f;;.ic>n veluee 

of the dyes, hcw26Vt'li.', rMy be ascribed to the dooragse .1n wat.et 

contant and iri!rense4 hydrophobic .Pt'Qtjerues of ~e .tnt.erlay~" 
' . 

~paee .a.f,l\rf~: ·irlcn:.-eaaitlg intemalntion. o.e the ~rganic -tilat.etrtal (·23) 11 

which result.& in a nitunt.ioll co:Q;luc.ive ~o 7f -int.t:::t'~.at.if:JQ bet\~&iln 

t:.be LerJOnit.e t:my9E"Hl el\Get sr~d ttl~ o~anJa aye .tom, ·~u.i~ t.o 

e:th.ibit ~ectu::o~y. 
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Values of A max wh~n vatJing' a~~unts of Dye 
a,;e sorbed by clat j~.in~rals ''robles 2·b-.3J) . 

~le -\2§. 
c I dlC ••• 

utOf11 •nu. A •.. . . . - ~ (' .. 
13 

24 

32 

64 

u.s 
l3 

24 

32 

64 

6•5 

13 

24 

32 

M 

80 

a.s 
13 

24 

32 

64 

l®q 

~· 
~t 

n 

. 11 

~q 

tl 

tt 

n 

d 

n 

tooq 

4t 

u 

~ 

~f 

• p 1 •••• ri 

661 

65S 

660 

552 

645 

.~ . . 

«lS 

660 

670 

651 

GSS 

0$3 

655 

656 

6$4-

656 

6SS 

653 

. -. ., _$ 

sao 

507 

$95 

S?S 

510 

5&S 

572 

574 

$65 

$SS 

SS2 

$52 

S89 

SS2 

S7i 

__ ........_ 

I •• 
....... 

~· i 1*6 ......... a~h· IS( 31 1111'"1 .. $-rl*:\c.....,...~- .. ~- ~t• •• l.:rAi!W,_ad •• t I II .. ·-··.I. J iii:IM- •• Ill-
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Na~ of t.h€! mM sorbed L:laz:' .Am."" (nm) 
Dye t5Qrbe4 lOOg clay .... ,,,.·=··;!:;::;::q ,. ...... •••• .... • i •••• 

~ben£1 p ... band 
~~l .,... ... .., • ...,.,.....,.. o • r ~ srA'M? •-• or• ••• 

6.5 uaq 
.... ~ ....... , .. . ..... ................ I Ill • 

660 sao 

u n 6$7 S1$ 

26 n '6;9 S7G 

39 " 65$ 56$ 

52 !l 665 S66 
(,4 )I b.b5' S'b:l 

e.s m;tl 64S $SO 

la » 65S ~eo 

26 ll 1$55 55$ 

3~ u 675' 56S 
'5'2. 11 (,1'5 s ,(,5 

G.s maq 652 $90 

13 ,. 
654 sas 

26 •• os·., I S15 

39 •• 669 510 
15k. 11 G'o s ~Q 

6.$ ~ 648, S9S 

13 n 660 $'75 

26 n 6$5 sa2 
3ii •• 6$0 516 

sa u 600 580 

:) 
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~*.,...*iff _• £ •· • • ....,. sr • *• ae . .,. • .f.R~~lM• At*W :e •-•-•~• .,.., • .•• ill*l~ r •---~ • c a w •• • r •• 
N.m.too of the rnt~1 sorbe4 ~.,; - . · ~ mEJ.X hw> 
fJye sorbet! l®; Clfl/ . .. .-PI ~ J r .. l. ,. J!f I • n • I .... d • t :n 'I ... ·- ...... 

p .;..band· .... -.. "" rht • •• 1 "Ci •·- t 1 ---~~ ... ,...,i...,t~ .......... ...._,, ,... ,. . .,..,. .... ,...,. • ..,.,._,._., """' •u -·••""'•""'ia.-.coii!OIIIi:...,.;.., ,., • ..,,,. ____ !,.., .. _.... ·-· ,.., ••• 

a ~ 
).6 tt 

32 d 

641 «· 

90 ~ 

100 li 

a ~ 
16 ~t ' 

:$2 .,. 
' 

6i £j 

\ 

90 ;i 

100 " 

a aeq 

16 !~. 

32 ~~ 

' 

® ft 

90 u 

100 n 

a rnaq 

16 Q 

32' .. 
64 ... 

·-~~ 

90 (f 

100 ~ 

656' 

GS3 

(ii4' 

0$4 

655 

655 

<Pi 
tS~a 

649 

Gq,g 

6$0 

.6$6 .. 

6S9 

660 

660 

* 650 

65$ 

!65 

695 

65? 

eGO 
650 

. '. 

605 

60$ 

60S 
006 

515 

G02 

602 

605 

60S 

570 

'510 

610 

612 

615 

~14 

·SOO 

seo · 

6031 

6oS 

tJD7 
6()7 

:;ao 
510 

..t;to•li: t d .. ,_._,.,.. • ....., fl -~ •• • t nut• • • r • :en.,. 1 r. r ,.....,,..111 •-•-•J -••• --------------•• ril 11 ll W II W li'Je & I_ I d I T W II e •• 
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m",4J aol.'bed per 
lOOg Cl.3'/ 

---· R • 

. o(...band 8'-bll."ld. 
GIO(Itii""'Y!W~i ... _ ....... _ .... _l ...... 1_1 ... ~ ... 1-•awil·-··-··· ... ·-··i-t'il'-a.,; ... .., ........ illiii' .... Olf"""*'*"'W'-.W'*"illt ... 0 ... ------~·1 1 li "PFW ¥ wor-..rq :1 '!i' I[ .... It. 1 I 

4 rooq 

a n 

16 ~~ 

32 1t 

64 ~ 

a a~q 
lu ft 

32 rt 

6t n 

e tlWiq 

16 .l) 

32 <t 

64 {l 

--

.. 
-
-.. 

() -

516 

516 

s·;o 

S1B 

5B3 

593 

soo 

513 

S67 

sao 

..... 
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Na~ of the 
Pyc BOrPed 

tt\M aoz:~ £let: 
1~ oley 

16 ~ 

32 t.t 

64 ~.~ 

9 rreq 

16 " 
32 .li 

~ ~l 

a ~ 
16 It 

32 ~· 

04 tt 

s ~ 
16 tt 

32 n 

64 ~~ 

/l max ,(in n~ 
M-._.11 ·-·41 I ¢P04illlllt I ... l 1W1 lltAia¢11111lf* a iii .(PT. r¥ ·-

oe. =-tnlnd p -ben4 

--
-
-

-

-
-
-
--
6$0 

sao 

S71 

sao 

555 

.5SS 

515 

.570 

575 

$"10 



:ll<i;itoont.aue of thO ay~ 
®UaorOOd. onto :ia­
~~lto~illonita · 

25 

35 

so 
100 

35 

so 
100 

35 

so 
l.OO 

100 

13.SO$ 

13·875~ 

15.31 

1~l-50S 

15·642 

15·191 

13.'7035 

u.a3a 
l.Se31 

18.034 

12.7185 

la.aoo 

12·999 

13 .• 7035 
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,FIG,\01 VISIBLE SPECTRA OF AQUEOUS SUSP:SNSION 

OF Na-r-iONTMORILLONITE TREATED WITH. TMPTr~ THE 

SPECTRA 1 ,2 ,3 , 4 AND 5 CORRESPOND TO 6.5 , 
13 , 24 , 32 AND 64 meq OF TMPT ADSORBED PER 

100g OF Na-MONTMORitLONITE. 
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- FIG.\O~ VISIBLE SPECTRA OF AQUEOUS SUSPENSIOl~ 

OF Na-HONTMORILLONIT,E TREATED WITH TMBT. THE 
I -

SPECTRA 1 , 2 , 3 , 4 AND 5 CORRESPOND TO 6.5, 
13 , 24 , 32 AND 64 meq OF TMBT ADSORBED PER 

1 OOg OF Na-I·iONTMORILLONITE. 
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