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For about a cent.ut:y :L~ has ooen Ja'1t:)\-lll that th& colouz:' and 

lu,~flimaaertrJo · prok'>art.iea of ionic dyes can vnxy '41th their concen­

tration or substrat.e aorA.;.uosit.J.orh 'th~f!e colour ena.n.;;es are fJ.~:st. 

~QJnis~ ana used· for hiotolQg_icel PLll:.Posea :111 cQnnoot..ion with 

the differenti&l staining of tis~ues '1). lt also bee~~ --~•ran~, 

}.)ar:t.icularly in the field of t.axtlle oolourJ.•"Q1 t.hat certain dyes 

cl.:f.Soooy the seer• a· 1&1 relation md cba~e the:U" absorption ¢herac­

tar.i.st.ic::e. '£'he ape-ct:ra. ot: aquaous solutions of sevti!ral C3t.ionic 

dyes are aapendent 'otll the concent.ration af the dye '2h In the 

v:L~ible region these s.~otra are cba~actGlr.tset\ 'lq $eWt:al ma~iroa, 

'l:.hQ .:tm:.ens.i.ties of "vh.ich depem OQ th.ta dye aork:entrat1oa. 'The 

absorption ba!'ld of ttae dyG at. lontJ~~ ~it!Vf~ le.D~jJ~ll .1B charaat.orist..!c 

of very d.ilut.e solutions and uauall-; referred to IJ8 oc .ban1· 

xn::~~asing dye coQQentrnt.tolW xesults .tn the graduel replsc:etOOne 

Of· o( .. band by a band w.tth a. shorter \1ave let~tb Y-Ihioh is assigned 

as ~ b.tmd (2 .... 6). runher inc:~aase in d.ye ccnl:entration •r.&Y cewse 

substitution of ~ band bf another diffuse band clotaer to t:.he blue 

ran]e of the ~Jpect.rum. Thits: band is assigned as V bculS • .iSUQh aon­

centrat.ion changes ma.v also aeutt$ the ~.,pearame of. a n.ow ruax!num 

at uave len~ji~th.s lorgw: than the oC •b&ldl if th .is new t.rmlBJ.tion 

is naxrcw, J.nt.enso and e~hib.i:t.ttt roaonanee flu.ort::scence, it .18 

oalletl a J' ... berXl nft~r Jelley (7 i t~no, together: vlith Gch.eibe 'a)t 
f .trst. deaa~:ib~ i~s p~oport.iea. 
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~he o( -band ia usually ~f~red t.o the UrijJertur.bed ti14!\M.i• 

tioog obtained in highly .flilu·t~e aqu~:oue or eic::ohclic solut.ioM (l)nd 

.1-a attributoo to the tnoao:':lnric: for;;a of the d;re while t.he (teviat.iona 

ftom ace~•s law anil the t)f:J1?CI3E'aooe. .<~f the ~ t ~ and. t'i ba.itds. are 

at..'t.ributed to dirrario on<:l lligher aggteg·ates of t.hG) dye res~~oti-vely 

U»-11}. 1'hi~ St)CotroBeop.id phano•wnan is eollcd ~t.achronllaSt end 

cat. .ionic dyes \'lhich show thi~ effect. are known as met.echro~t .1c 

dyes '12 l. The phtmol'fiOnon itll 0;-(h.iblted only cy dy{~S in t-lhich the 

chtlractot:.ist.ic ian.to charge ia. an !.nteg:ral ll~rt o.f the chro;oopnoric 

nyst.em arid i5 distr.ib\ltc:..>U tht"oughout. t.he 6Y'S.t.em 111 xcsonance (13), 

t.h(;)t. i~ 0 most:. C(."lmtoon :btt~ic uyG~a arld e .fe'\i eoid dyes aad ·t.he saw~ 

~~~Jur~nt.s tlfh:~ly t.o. dy~s, 3uoh taB fluoretjct!:in, YiUh e tUst.ribut~ 

n~nt.ive cl\Ol."Q"S• 

Hnny ~JcB t~hen usa!d ~o colour cert.a.tn tissue eonst.ituents 

'ctttro:rAOt.rq,t..xm) aooorb li·aht. of wave lan·Jth snorter than t...fl~ 

absoz:t;ecl b,y the dyoo in solut.ion 41). t3i>nilar ~·~tach):'o.n~;:ltic 

b<!haviour is e~hibiteel in sclut:.ion 'Nhen thtl dyes .in~arnet with 

~oluble ch~:o~~tropw, iot e:Mem,ple nuel.eic ~iifla \14), Poly£lhos-. . . 

Phat.os ( 15) . ~.nd gel.~t.ine U.6 ). .t~t.achX:U~1\aay ~~ ·also b0 .tnduaed in 

solution in the absence of ohro~t.ropio substalU.'WS _in . t.tu:ee diff• 

~rent ueys .(17 >~ cy .1.noreeeing· the dye ac11centrntiCt1 \dte~inouced), 

bf ~~ng salt (salt-induced) .~na ~ lcrwe~ing the dialect~r.iQ c""~­

t'~~nt. of thEl sol vent. (~~{:tl voru:.-in...1uced). 
' . 
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\ .t} ;}y e scuff& di~f: .tza ,,:ore a"t;r, :a~ ly in. a1,uecn.u~ solut..ion 

th;m .in o1.\)e-tL1o solV\;\;nta, ·v.1hercas aarbo"i" lie acid diro.ers ex.iat 

4 .11) ln contrast:. to tho oohnv.tou~ of the dima::.teing 

cerbo'rtlio acidv, the poly~rization of d'fe stuffs does not atote) 

~.1t. the dimaric at2i:t~, .but often ,e.,racead.c to t.ria~ee t\fid lligher . 

poly ~rcrs. 

(iii) colourl(:)ss louco dyea diroor1zing to ~ smaller extent. 

than the eorr~:u3pt.mditt:~1 eoloured fotma• 

'J.'heae J:scte agree t-JJ.t.h t.he .POstulate that t.llet _polymer.tza­

t.tqn of oy®l3 ie ciuc t.o addit;ive tcr:caa i>i; Vall d$r: t\!aals type. .It 

mey ~eem that these £oroeo .nz;a t.oo \ie~ to ac::eount. for d.ir.nerieat.icn 

crletgi.t.w cf the oro~.&: of 4 t.o 7 .c:. cml/iWle 'lf;U. Ho1r.;ewr, accord-

.. ii~g to t,;ot1d(;)i'l * e t.heox:y \19) • the mutuf!l .L.:>Ot.ential en.ergy of t.wo 

id~ntical molecules l~SSessing & ahlgle l~lg•U3VS ~l~~ron!c 

ebncu:f't.ion bs~ /\~(a descr.tP"~ion w.rtldl f.it.o .rrost. dye stuffs) .1$ 

- to· a fi:rst approximat-ion propOrtional to .F~,.. • •liJfi\..:re i is a measure 

of the cxa.1tatioo prcbability \celled UUaber Of aOSO!;~Jt.ion elea-

trc·ns or oseilleto~ strength>• ..Gince large Vi."!lues of f. W'k1 'A ere 

e~actly t.ho·J:')rO.i..~-erties t-th1oh make a coiqpound at:.rnngly coloured, 

· the attractive forces oot.t-Jaen dye stuff r11olecules must be cons;iderebt. 

larger then thoaf! t~t~~een aiif!ilnr eolou~d molecules \&•9• the 

corruspt..'l'Hiling lOUCO dyes) • ~heOQ io~<;ee are additive arid. tht.\S 

e¢c.ount. for the forroat.icn. of d.ii.OO'rs cs well as .t'Olye~rs. 
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The ( virtunl.J dipole...U:t~la et.~recti.on of .r,.oodoo .in the 

cosa Of CVO CtuffS ShOUld l:'Je. SU~)plemtmt.ed. bJ dipola•~tuaUW.POle and 

qu&Jrupol~-qua.drur.:tola t.era:nh Since the t\>10 ian~ are of the aaua 

sign, one must subst:.:rect · thG ooulornbi<: elact.rostatia x:-epuls!on 
2 2 energy, !...!.... • from the t~cnctoo~·\argant!ll ~ao> et.traot.ion energy. 
ur 

»".inolly, the ~$uel ~~vu1~'3iotl energy ootMui.m. 1\etu.:.XGll .~oo.leouleli3 toust. . . . 

<i) leo be. ea}"Oc&l: into &'.JCOWlt.. f:'iQ ~a aim~~ i$ yrobably heUi tcitleth~r 

~1 l.ond.on tU.a,PQra.ion £orc..~s ~~d '·1 hyt\rophob.iQ ooooingu tal) which 

~'verc!..;mg the eloot:.roatatic .repulsion oot.wQeti t.wo dylJ ct;~t:.loos. 'l'he 

ctis.L;)G:t:Sion forces ohould be . gr(;.ataot. WJ.~.& the monom:;:r 'units are 

.in e m.mti't'Zioh. t'!lit.h 1.:/!rinoipel, ~nQl.eeuler a."(es l:>srallel. The coulorn­

b.SO. repulsion. will be m:!nirn1e«.1 \ihW"l t.he ~herged ernino groupa 

'•~~.9• in t.he ~aoo of tniaz.1.Jle dyes l~!(e roothylana blue) ·lie alon.~ 

oppos1t$ adgen of the aandt-¥ich• 

neviat.ions fro~n nee~'s la\'1 ~oJ.ith the a.t~earance of ~ .~ Y 

or J bands he.w been rntionalieed in .terms of dye egg~ati~1:, 
' I • ' 

i~e·, ~he forr.~"!t.ion of dJ.~rs., ~riiil'are, f, lltl n-~ra, aild the 
~ . i ' . ' 

t"Jith e o:latJt~ic:al osoillncot :no;:~ul (J2,23h Tht:~se G~"C--ct:..ral cn~nges 

of dye!J-dye interactions weru later a.::-.~;le.in<ad tiith the t.hQort .of 

t:mer'ifoticall.y d~local.i..tse\1 st-at~s, J..e.' o~.:q.t~ollc 'OJ a num~.r: ct 

' 
30 > in t.hl!t the axc.:itat.ion ach.tevoo in a aingle fi'i?lecule o:.f a 

per.iodio molecular aaserlbJ.y .io. t.roosi~rr6d bJ Ct.;>U;:pled oseillmt.ion 

from «bleoule to rnoleo~jla in. ~ p(:;)rioti \~hi<::h .itS shorter than t.ha 

vibration ti1m of the com.;')onent rrolccules in. t.he a~eembl.y • "l"ha 
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McRae Kasha exciton model (25) is described here ill short restric-

ting our initial considerations to the specific· case of dimeric 
• , " I 

dye molecules. It is assumed that the axis of the composite. mole­

cule, the dirrer in this case, parallels its transition polariza-

' 
tion axis, i.e., the transition dipole is placed along the long 

axis of the molecule as shown scheLnatically in Fig. 1. Upon 

Monomer Dimers 

E---...--

G---~------------------~----------~------a---~o-o------~5~4~0 ~~90° 

CDCD 88 

Figure 1. . h h h " 11 . d " f 
The energy level diagram for a dye monomer and its dimers s ows t at t e a owe ness or 
dimer transitions from the ground state (G) to the split ·excited states (E) depends on the angle~ 
between the transition dipoles and the molecular axis of the aggregate. · 

excitation of the dirrer from its ground state (G), the model pro­

vides for S_i?litting of the excited state (E) because of electronic 

degeneracy. The angle (OC) between the transition dipoles and the 

molecular axis o~ the aggregate deterrnines whether a transition is 

allowed to the lower or the higher excited-state rlevels-. The ground 

states of the monomeric and dimeric roolecules are shown in Fig. 1 
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t.o .be fi;.cf~d at the t'la.:e. .relD.ti.vo position. alt.hii~h t.h.e goill't­

rnult1p<:Jl~ GJtt;?afl..sion oaqp~oyed tel t~~esha £;)J:ovid~f)) for a· diSplaoement 

of the di•ll',;r grouna..st.ate belcailtsa o.£ van de:r i'aaals int.eract.ion. ~~ 

co1n:~n r.Jr<mnd. state a5sU::fi.~!on soome to be an over sir.t~licat.!on 

in V.iet>'l of the f:ltf.facH:. of dye agg:r:ejJation on $)L'1Ch g:;ound-st.ac.e 

pro1~rt..tes as infra"ed tra:asitions (31-33) redox .li'Ot.etltial and 

ba.s:lcity (34). JCxoitonic mteraot.iot~9 hO\':evert can be conVE~~nient.ly 

di~aussed 1n t0rtf6 of energies nor.·m.lized t.Q a oo;o,~n gr:ouoo state. 

'l~hus lfi9• 1 ahO\iS that ~tOOf~ t.l'\c trans~ttion tU.poles are in line ~it.h · 

t.h~ molC;.~ular axiS .o£ the ~tUroor, i.e., ~iheno( =O., tt\1.\l:tl the t.renst­

t.ion to th~ ~rn1t1r excited leV(Il 1Ai.ll be ellowe-.l <!aj. ll!t e x:esi.Alt 

the .r8xJ.mum absot:l-Pt:.lon oi the dirrer t~.ill lWJ xed .... shit!t.ed ralat.ive 

ot>sa:::vcd in J ... batld ·far£1\art:'..tei41 will occu~ lla -\m13 as t.ha eriQle o( 

J.a loef! thEul allOt¢ 54° lvhile if th$ angle .i.."l greater, t;na transi­

tion to the hit,Jher of t.ne U.t,Jlit. e~J.t.ed levcle \-J.111 b$ alJ.Oifed so 

that the a..tnglet-sinr:Zlet. t.rans:i.tior~ of the d.tr:~r lr$lJ.l be blu~· 

ahifted ~lGt.;,lve to tl')e monotuoeu:.tc dye. The latter Qal$G liS t.he one 

most. fr,~ueili.:.ly oooerw::~ &nd t.he int,era.at.im oo~.,..J~tl two conjugat.edt 

(nea~) planar dya aulecule$ ...... t.he van. der waals ox: t.oradon•forc• 

dit•:s .... auQgeats .ssndwidl struotun;e in which the t~:ans1t.ion 

tl.tpoles ore perall0l t.o e.nc:h othezo. 

O!le can, t.h~~r.:·efo:t"e, o.ooclUde ;in. general th(o)t the dir~~r.ic 

structures of the dyee oons.tste of t,t'lo ·O::.l!l10a~rs held to;;ether tv.ith 

th~1l ir plt.rnea,. or nt lenr?.t. their ch~O$OO.PhOt'0S oesent,lelly pa~:allel 

t!; er~cl'i (Jt.hru:,~<l.ith, oot~ J.ev.iil."it..tOns .f~~~n ._:~.ru:allel.i.Sm. because of 
. . ' 



one ~ort.nnt. aons$tluence of the eand~iich 11.1-rrer nbdel and 

ita split e}(c1t~...-st.nte lt.1tV9ls .1~ t.hci e::~Pt:Jdt.a~ian of an i.'ltense 

' ' 

the coononer maJcimurn and. tbet. of the -blue ... .an1ft.e<i di.~J:" ahotU.a .bG 

oll:)roxi~l~Gly prO;t)OXtiC~.'lal ~o the d:fe • :a· e."t ir4Qtion aooflfioient or; 

.;ore ·preoiselyf ·to it.e t.r;ansltioal tl;lpolG tnofm~Bt• 

The avectral an.d th\\)rmo-:S.ynamiQ characteriatic.e (i.e. 4 G, 

..6 H ) ·for t<li.-ner forr(lmtioo of varltoue titie~in~ anti cya.q.i~ dyes in 

aqoooW!!i aolut.ion (35) and r~lat.ed reault.~, liKe those ot Ho:rz srd 

nc:hoibe for non aq~oua dit'1tet~ '36) lead to the follc~d.ng genera­

lizations.: 

(a) oelooalization of -rr -al,~otr:ons .t:m.Vti'Jura d.t~ooriwat.ion 

of cyanir.aes. lleco:tdingly1 ~;:tl.rlt~r.izAltie<l is enh6net:.-d by t.he nunt."''r 

of He ~ CH groups, .in a v.iqtlorJollS aa:r.iett \31). 

(b) f>i·:rsr.tzetion .ie ta-vour~-ti P:f inoJ:(:!~Sed hydt:oJ;bobia.lt.y 

tlf the d~a aucn as fro;n le~¥Jt.han.ed N .. alKy) .. dla:Lns ,JS,36). 

'"") The dimerization p~o;:esa lCJ inta0nsit..1ve t.o the sign 

'~if, th~ C:fetnine• S ionic ch<:u::g® althoUgh W~ J.ner.;;aa$ in the d'.UU,"go 

c.i~~ity par molecule .i.e e:tiJ6ct.ed to .U~t.erfe:r:e w;tt.h ~xegat104ll3S). 

td.) .tbn plslar.ity of the dye l.Ga<ls to d.tmiD.tsnecl t.'U •• raer.iza­

t.ion., 'fhia struct.LU:'f.\l feuatum cci'l b<!.\ ittduoed w cie-acnfigul:ations 

.in eyaninea or bf n1Qhly drol'ldinq subst1tuenta \'Jh.ich also depress 



tha tlye• s e;ctinction ccef'f.teient (J,, JSJ• 

- (e) The ~ .bantt !g dd.mitlish~ and the 4bsul is .intens.1-

£1ed DJ increu~nino the tGI'qlJOJ:atl.U:e oe a dye t'jOl.Ut.ion (3,10) and 

1 t.h~s revt4t:Sib~y suyge!St.tl that. t.he o( aB.\ f ban:ls cortesr!ond to 

·aist..inct species of the dye. 

-i •rtt.eri'~lyna•t\kl aons.ider:at.icms .!ndicatCi!J that the standard 

.. / 

free energy of aggregation of cha~ged dyes inQ1Udes poaitive te~na 

f:tom eleot~oet.at~ cont.ribut.:l.alS S:&d fro•n ln.i~in;, e.g·. t.hs coover­

~ion of two rrorlOfrtSrEJ to e t1SJ.ng:le dlilal!'1 as •~tell as negative· t.eras 

i:>:o;n a.tsz;."®rsio.n end from lttdrophokl.i.Q .£~1raes \3~-41). 

1~1 $hnx-p cmltt.~~.£it ttl ~he apove agg~ation tnf.IC?r:t of 

· •Mt€'tehrotnc:uiy of dyes in elolutiont Hillson a~ t·~tay (l""lt42-44) 

. d.ur.tnv mid s.tm;;i~e .1n a aerie$ o.f par-;era ~teu.l{;ltea to e~plaJ.n 

11\"at~rot~f.iy of cyan.iue dyes·, rhOOa\<lin& u, m~thtlenc blue, and 

some oth~r. dlfOS in. t.erll'S of. an hyiJOt.bosiB ~nvolv.itlt-; the esaooia­

~ion .o.f t.he. dye t., ith its counte~ .ion, .following the suggestion of 

Fe.ichtn~yr and 3Chleg (4S) f()r eom0 t:riphenyl Ul!lthena dyes. 1.rhey 

argued that. becauee the dy,:}s in queet.ioo are ell Galt.s, ao as 

the:i.r ccncant.ret.ion is rais~ £rot~ infinite dilut.ion, io.t.(!raat.ioos 

be·twe-an dye ions aa.'ld ooun.t.~n:-.ions ttlould .be e~Jtectoo, tlot. neraly 

becautie of I)ebye-Hucl<.el effects,. bUt oocause the dy~ ions are 

large nod pol~iza~le ~1d much less t:Hlltltlle .in water than $141Ple 

snits. '!'he close appr"ach of such a dye ion and e coor1t.er-ion 

.inv,:,lves st.r~:~~>·lq clootros~at.io. intG%."(ilct;..ionB which would be ex1.~ted 

_ t~ nffeot. the d.i.s:t:.ri.but.ion of chal:'ile over tha c~u:'om;,z;Jhoric syat.e<tl 

of the dye .. 4-on, and hence .tts vieii:>le Si~'Ct.;u•tl• :.4Ql<..&y and HJ.llsoo 
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.eu~er ma.inc,ain~ th~t thei.:t hypoth~.1G We$ <:~psiste!it; td.t.n the 

stlr.~ tyr:~ o£ raetoohro:1wsy ti.het. OQctu:~d w.i:eh ~he addition. Qj salts 

as well as ~en the diel~et.l:i.C constant. of the O~Jlvertt was lowere4• 

as. such la.4erin.g gJ:eat:.J:J ennsnoed th~) J.on.co~"leer icn .int.eractioll. 

It. thua- appeared that. thei:." hyPQth.ss.ts was .in direct conflict wJ.~ 

th~t of Scheibe (~ >• nut nt'74 t.ha v~ nooms no lo.tl:'Jt\Jt: viable 

ioll.G~Ying ~Gdd.y-• s ;t;.~tentl.o~t.t'io ovidenee Qi! nox:mal ®unt~r1on 

~etivlty un~er con~it1ons ~here tn~e ~and& a~e for~ '6146)• 

r•b:z:-eovor, t.he. infloono.e of ·salt. on tbe e~t.ra of eotioo.te dyes 

can be .at. le~st pez::t.ly predt(';t_e4 from ac:tiv1ty coofficient:.s eel~ 

et.alatad by the Pebte.-!'tli~kel. liil.\ltJ.ng laet '39140,41)• 

Padd-y suggef;t~ that t ~LndtaF~:n&lnt. of · tt\0 possible el(!St.ence 

of ortler:~ -wat~r at. the hy-'l!lt'c:.cer:bon ~:n.trfac~ o:e lm:ge Ot:ganiC tiys 

molCQlJles1 t;l~ att.~:aQt.iou Det!~tl wc.t.G:r .rolooUlee at -the exvense 

of taet.o-r....dye .ineer.aCQtion~ i'-l~ aigt1&.£ie&lt eootr.i.tmtio'lS t.o tm 
une.rget.iQco of d]{o d.J.meri(aat.i<m (614&.,36). lfoll()\"'lin';;J t~1e earl:t woJ;% 

of cc1teibe and sner.tpar:d (S1,914'71 4£H• the i.,:!f.JO:CtMc:a a~ t.ne p~~.t-

eipation of LtndOn.ven d9J: vfaals difil.t.mrsion, .fm:cea for the 8el$:­

sasoo1ation of dyes tlflS reco.]niaei. 'l'be obsewst.J .. oi.l of ~z.est. and 

~>earce (31 l thot. iner~mai..~ the v.1n<.f log$ in t.hiaC'Jm'lines oew~e.g 

qot.h blue-tJhift.ing a'1d anh.mn®d dJ..wtet'.:WatiOO et:rcngly &uppc.u:ta 

tb.e vie\11 tbat dispersion £o~s asaooist.ed with daklcal1~e4 

el'?Ctt:ons p.rov.tde the >'Mjol:' ecntribution to d:t·msrr;tzation of dtf!S• 

Insensitivity of this prooea.s to the .ion.W Oha~e of tnta dye aleo 

f!.UPPo::ta this concluaAott (3S). 



1\l'}i(\e fr:orn the citdd hyoro,phob!c aoo d.isper&iotl forces. 

electrostatic force~ elso have to be cont;;iuer.;Ei4 !Lince they mat 

play a dominsnt. rtJ~le in dy&-dye .intera~tions. i\lthoU;h tormamidet 

tiJith a aielece:r.io oorustant greater t}lan wa:t(;;J:• does not indooo 

dye mJgrogat.ion w:"ler embient. conditions, the px;ee;aillb'ncQ o£ water 

in t~J;omot..tng the .oolf-aeeoaietion of large surf~,ctant. or dye iooe 

~;;as often a$Or.!.bst.d to the high diel~t.ric oonstl:".At. of this solvent. 

Dince ita bulk. value is likely t.o b6i rl\1£-lJ.ead.:tug ii!latl a~_.,plied to the 

solvation ~h~ll of an or~anio eolute, a oo~ening f~tor WaD intro­

thJQed to e~o:re$B the $f:feot.1ve diclwt.+.i.c constant:. e;(.(Jer.ienQe\l by' 

the microscopic aolvent/dye ayst.en•· 439-41). In gen\ii:ral, oouit.iowe~ 

that !noraa.ee the effective dJ.JJlectric. co.'lat.ent will reduce :repul­

sion bt..~t~e~n similarly charged organic ions an:l t.hua facilitate 

t.he.i.r i.nteract..ion. '!'he oppot)ite effect iCJ found from adait.1ves 

th~t diminiSh thia constant.. M a broad \ftmereUty it ean be 

m:.at.c:."'d t.hst :LncrE:aise Gil.lt c::cnccntratioo causes an .incre.:::,ue in the 

screening factor or effective dielect.r.ic constarat. mel tnws pron·ot.es 

aggregat.icxh Piffel;cnt inorganiC oolta haw sl.i:Jht.ly diff(l)rcmt 

e:Kfa:ta on the dye 8ggre~Jat.ion (13 149,50> Md tne eMt~nt of d:in'teri­

'smti<'.>a in the case of olf;l'lli .tnt:;tel. chlor .idw:tt at. hi~her coooent.ra­

tloru.~ is in ·the ordex ' c.:sc17 i'i~l '/ L.iel· 'lhis effoot. say be d.ue 

t.o the i)reaeQce of posit. ive J.ons wh.i.ab bUJ.ld up sol voz:~t. rag ions 

ir'r.;;m 111hlch the dyoG m:>lecul~ are tt.J<cludoo becaus• of eleot.rost.at.ic 

reiJ~ule.ioru as a c.aneet:.aue·nce aye · c~~en.t&at.as .in t:.hc ~msining 

free voluna. 



ln t.hie ~sptaot. th\1) b$haV.iOt>tt' of t,(~t.l14Slktlarn.mn1um ealta 

.is lX.."''uli~~ 83 ru.t)()tt.G(.} t.y ue:r\Jne r~ al \Sl); thoy ac~ like ~slttt 

at lm~or oot'&Cet~ration pror~\0t..tr~-;l tha dye asSQci<1i~.1cm wnile 'lt 

high&r aotlt:r:tnt.t'~t.i0£'1$ t.ne hydr:opheb.k: cor-n;onal!nt_ of the molttcu~le 

!Jirov·ni1s $tltl b$bava like iloo ... .toni<Z oo~olut;e pro.~tia;J the dy-e 

d.!s~!.X:iat ion. 

x~tepeooent. of tha rnaqnitude of th~!~ <1.1\latlea"'r:!a constoot•, 

non. a.ql:$e~un o;:ganttc tnedie ;ax:-(2 oft~~ gotiJ ttol.vant$ £or dye iOlls, 

.~nd with f~.r eJKc:~~1ooo (S~-54 l • Elucn rre~U~ require le'M t.e~~J:Qw 

touJ:e~ ()r h;!gh cc•tlQwtrat.i~'l o.a the dye to i®.uce fi4J:ra~tion of 

dir~~re cr ·h.1gnet' ~Jgregat.on ·\s5,319561S7 l. f'i. .ohilZt _irt:~ro the.~ to 

the ~ a'beco.-:-ptio~ bent\ was found tor aa~.1a1oo -o~ange in ~tl't,tl.P 

a:taoool w"lli foP.'k"l'.'Qida in t.tlB o1~ooene:r.:etioi\ ten·ua o.o1 t.o 0.1 

molnt" The ditoo;~.1$atd.on co~'ltiltant.s in tha50 cstJaiB GICEI t.'<io to thEee 

o~"ckt".s o~ ·fn.tlgnit-u® lower t.han :tn ~1t!l~er '5-a). vrotjg- mol.v£nt$ $J:e 

not required foe di{~~J:>i8eticm; in £:~t, t.tu~ di~:ror $ptl'.ct.rwn o~ a 

' ~}htJ:u.doe.tarJiUe dye il'l ~n~ene OJ; CCl4 is ViJ%Util.ly J.dent.ical With. 

th® dye's ¢tyetml 5J?OOtt:um \52h Jlo;r d~~gr~'ation to o;<::ut_, .it 

t-'lrJUltl bG auffic;t.ene if' the dye e~;9(f'§r:iC::~noee a iitl.cro fUWiroum~·nt. of 

l<* e£fest1ve djel.~tr!o corl$t.Jilllt tn~t p~~ea et$1l:tt.y- o:! relyo 

~:\iOtlf,)'~~. i~e(Ja.tiiit.g ~tw-ro of solv€:nt;,, unoot.t.lt:."d queut.io~ 

ret:nain al)OUt. thcd.t' u:f£eet.J.V$ dielectric .co~t..~lt.$1 nav""~theltl$g'j,. 

too incl~ll!.Ull!lin~ de~a;regat.icnl activity of ~thanol, a:.tato~ ~ 



't· 

~ .. 

dio~aoo tn aqoooue dye ool.utlon..s mtllJ neve a eimil~ basis mtd .19 
·· •. 

the· ro.ixtU¥:8 (59) o 

Robineon et ol (41. J had investigated in deteJ.l the tburn_,. 

dyna.t!oo of $SCOOJ.~t!ofl of th~ P0"1ti~aly ch~~OO dye. ;~cridit~e 

aran;;e sp~ct.ro~>hot.ornetr.iQril.ly in ~liett:Jr a~ .a fuact.io~) of ioruo 

Btl:.'engt.h ~.r·ld .in t'h~ vresti:n.ce. of af.l~~ ;;oot.hanol, urea ar.-:1 dioxan. 

The o::¢-.:tnction cooff.!cient~ EM 1 E.o una fst.. wert;~ mlutsu~ec.'l 

~i'h~tch {sr& chera::tcrJ.at.Jc o£ ·the a.POOtra of rtiJ&"&&;.ner, di~r &'l<l lo~ 
I 

Ggg.r:egat.cs of t.he dye molecules tQIJ(.)eet.i'Vely. A tmoretical ttodel 
_,. . .,.. 

f¥stem, based on ~hort-raaJO Sti!d~ing alXi lo~-:r:~nrJG e.lect.x:ost.~t.ie 

:!ot.tntact.ions, 1\&i been used to int<.n:zn:et. the thern'k'>dyna~J.c d&t.a. 

Their reuults SUtJ9E:JSted. that bo~ll factors e~:e of ifi\?ortar.v.::o .1n 

de-.;erminin\1 t.he t'$ndency t.o aggr(,u;ate. !lurthetm4X'et when the 

t\Jolvozlt .is ver~tetl t,hey are relet<."<l by a co«a;.oonoat..iOtl effectt 

re;;.:uulnive eleott:ostat.ic iotcr.:1ct.iooo • 

..rne mBl:l~d dift,~re.Q"Jtt bot.Heell thta di.•nerizl!'ltlon cotlSt.atas 

«#t.hGt: catJ:::~e ~h.ich ia not. ool.e]¥ t.h~ tr.1v.1al ~igh 'net.liurn aJielcct:.r.:iQ 

CQUDt.iJI:lt but l:U5t be conr~ctc;oo tr1J.th the t.Jeauliar $t,tuctur:o of 

'>1'ilter. _ ~;.otually, the data .obt.nined .:Ln Cfl3~:l-l a..ll£1 ttcau2 for acr~.tne 

orcaa-Ja aeer-n t.o S\Ot-.t aot~ ,U.olectric Ce:lWt.ant e.ffect.0 even if it. 

dOes not ON};>laif} the 8500/30 .ratio, OOtW6Eal tlw K12 • fJ in water 

4 ~ dao > ood forrnam1do \ ~ • 109) (5 tl t 60). ructhar . .-ore., f.r:om a 

compllrisotl of t.he):';::\Odynarnic daea a'lo~ !l hoiDQl~ous set-ies i~ 



rG:nult.s that moleau'los hav.ir~ groupe to interfere directly with 

the wmt.et- tst:J:"Ucturo through hydro:;Jen bot'kl.in~; (i..e. the amino 

htdro,')(HlB) have a rruch lower d.tfrt:.J:izlllt.ion. et:~nstan~ and a higher 

negative valuo oi. t.he di~:"erJ.zation ~ntro.vy (3;61/. 

In the f~,rrMt.i0>'"l of a d:i~t~ar ~rom t.~lo tw.:tnQt~x·s. the nu-t'Uber 

o£ lfOleoules aecu:e:aeos. t .. s a restJlt, atl .ideal ent:topy of mil(ing 

c.l;;;lrnl is associated W.ith L4 .:..;,, the so calloo ~'cret.ic e:.lt.ropy•• ; 

4 sc Q -HTla~2 = -33·4 joula:vci~ 1ro1 4in wat.e:r), ~ beJng tho 

solute rn.':>l.e frru::tian in 1 Ht)lat solut.iosl (40;21). ay s~bstracting 

A ~·c £rou"l A 5o , t.h11.a en~~or,..y ®i!nge 4Su J.s Obt.a:Uled• cnar:ec-· 

teriatio of the interact.ione essoc.tc:'i~ed td.t:.h d.i.t"aerizat.ion \Unitexy 

ant row of d..imerizat.ion). •.rhe data rel'Oxt.ed in literature (SO) 

l:lho\4 that 6 Su J.s- generally pos.i~!'VC• Since tho for:mat..ion of a 

ditoor from two mr.nonlars !ttv .. ,lves a certain loss· of rot.t!lt.ional Md. 

t.red~l~tiooa.l entrov/, t.h,Q positive 4 Su of· tU.coorieat~'l .1s the 

rea~llt of an c~t;re oont.rJhution cancelling several n~:gat.ive t.f!lrme. 

r.ooh a cont._:(jJ;)ution haa to ba found .in the tzt.ru::.'ltural changes of 

\'JatC~r oormact.ea ~J.tt.h dye ditooriz~t.ion. !t. ie not.ewortht that. 

increas.tng the numbe~ at"ld/or the length of t.na alipn.et.ic e~ 

t!hains one oboervao an. ir.10roa:.1e of the unJ.taL'.tan entropy of 4J..,us.ri­

nat.ton (62 h 

.:tt J.e a t4~ll Y~oUOt'i'tl f~t. ~hat htdl::OQ.at'QC:U'lS do not dia~olve 

iu ~:mtiJ:r. '!:he unfavourable p:cOQeas o£ d.tsnolut.ioo of hydrooerbma 

'·40)" 0) is a consequence of ooyativo h.Ydration entropy (L\fl1 <O) 

t.he enthal.l;y of .feats being SIOO.ll· 'l'he n~at..i w cntroJP.Y of 'ilyaratJ.oo 



J.~ j,oterp£.::.1t.ed es "e~Julting ftzom eQh~nce.;an;;, of atruct.uJ:e of 

rloighbou:r:ing wata.r molecules st.u:rounaitlg the h,tdrocarbcn. 1'hie 

s,r~ciel Gyps of int.c.n:ectioo oi oon•.9olar groups w.ith WBi:.eJ: J.a 

ktlO'a'Jfl es hy4.~rophobio hydration \63). 'l'he assoctat.ion or mg~%'age-

t.!on o£ 

should than be roga:ded as partial ~wrsal (<If t:.h&:il theltfl\Qdynami­

aally unfavourable P~ocean of eoluti~l. Tha p$culiar featu~e. 

eNhlbited by &C!U(\')OUS solutione of hrtlrooerbma or &olutea hev!ng 

apolar grou,pa with ooe or t.t-;o functional ·groupa have been att:i­

but..ed t.o t.he peculiarity of wa.t.e~ ~~ aolvetlt.• 

It has been SU'Jgeeted b.{ .I-~;: an~ tmd lZvana \ 6~) that. water 

tnol-QCulco at. the hydrooarbotl I.:tort:.ion of c.li.~solvoo la~E) oz:;enJc 

mol€cules form s~ructural ~giooo of law ent.ror~J'• th.e so-c:all&d 

J..ocooriJS (6•1}. 71\e aggrevot.i.on of JJ.~.i.vidual dye !1\:::ll~ules in 

o.~ut.~ous aolution thus result.a .in en . .incl:'eo.ae in t:nt.row owi."tg t.o 

thtil bxeaid.ng up of these oniered rcg.iona of '!Sat.'?r ~ the incii.v.t­

aunl dye aoleculeB as th~ b.11ld to en$ another. 'l'h.i5 gsiQ 1n. 

~rtt,ropy .1B l!lccordin;~ ly considored to be the driving force in the 

ealloc!nt1on of dye. rriOleoule$ in aquous solution b;i byarc.r$~1\oo.tc 

bt~'lding (65.66). J\s a <::orollart', cornpounda ·that. accept hydrogen 

.bonr.l o!t break those- of vteter, e.g., urea, ,Phenols should eliminate 

structured t4'nter at. hydrocarbal :interface anci tllu~ el.1m1nata t.he 

' 
dr.!.'l/in, force for their ealf aesoo.tat.ion• 

Thoss ecnce~~s had been. m~=>Pl.ie:l J.uJ.t.ially t.o the etu<l1 of 

proteins· and· surfaotant:.s but 'l'te~ .int.rodooed to dte a-ggregat.J.cn 
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bf rr.ul(:erjoo and Ghosh (39), 1.mo establlohed that urea oaueetl. 

deat;,Jgregat.ion of trelthy leoo blue ruld too d!;norizatioo. of this dye 

was indeed aoco«\'-'anied b':( an entro.t¥ gain (~gt40), .G~ch a ge!n waa 

also reported for f~hodnm.1nc a by t~ohatgi and !.1illJhal (67 ); on the 

athur· nand, acridine oran~J'G t.hionine end a t~niecnrttocy Q.."l.ine lor:;t. 

entropy en ditroriz'at.ioa a.e. sha~n 1~1 n:ol:)in.aon. ® el '4lh Rabinowit.Ch 

tmd l.;.pstain (3 )t an;;:i Pndd:t (6146) re~~;.')Cctivelyll Hence, thase f·ind­

.tags do not. support t.he vi.W.t1 of C·tokcrjae nnd Ghosh (39) that the 

driving .force in dye eg;~rregntion is t~'"la e.ntr:o,t-;y gaJ.n that. ~sults 
. ' 

t,fh<:;n Btruatured t~at.t:!J:'- the so-called iceberg of l0\'1 entropy _ is 

diG.tllaoed by (J.ye/dye cont.aots, j..a. hydrophobic t>Qldin; (OS, f.io). 

r:.;o .it. a~t~ars that a:w.:~~J:Jt, for the lena fat.t.y~t.e.il dyes (or micelle 

forrMtion bi surfaot.ents (Gil-70) ~1hicll exhibit:. a near-z~ro enthalpy) 

a . olenr distinction between. em;.ro,py • and. ent.halpy-concrolled dye­

aggregation proceaaeu may be prematura. This c<Jnclusion is aupoor­

ted bJ the .observet.ion t.h$t the wat.es:-.. <Vater interaction ~el oan 

be npplioo t.o both hydrophob;lc and t.o dispersion ;forces '4l."46)• 

!i'ro.'1\ ell the experi~ntal c;}V.1Qaooe W(B :nc.v co~lud~ t-:.ith 

certainty that the appearance of the fo and .'~ bas~ i.n t;he absorp.. 

tioo r.!IPOCtl:.'Um of tho ionic dyes is due to the esuld~·i.icta~like st.ack-

in.g of ln:Jleculca io~1ooenuon.tly of tn~ ftied.ium t.h.at. ,.::"J.rc,Htl;.)t.es such a 

:.;e.~c}~.ing. '!-he blUfJ shitt from ~ to (b baud '-~ue t.o diroerJ.zat..:tc:n 

h~s ouen also ;;:>red~Gd thaor<::~t.icall;v \7lt12). 

on t.he ot.he~ haoo acmo dou~ta et.i.ll O;)f..1..st. about. the f'orces 

ruling the dye atackittJ ea;.>~ially in \tater fH!llut.s.on. f.'.C:c:Qrding t.o 

' ·- ,, )::' ~) 

-~.· .J ~ c~ () 

1 7 AUG \987 
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~onu f:l.Ut.hox-a '41, 13 l 't.he 1;1ain. factior iS tha ~x-gy n;lease upon 

7\ •eloot.ron clouds ~vorlap in the asmociat.ion o~ dyes, while otne:rs 

.cla1:a too ~xioter.tt:e of stroniJ" nydr:ol~noo.:to .tnt.aroactiC'Q 440,6S.74• 

·li$}., r. Gt'it.ioal atlillly~:~is· c>f the proviousl:.f CG.i.JOa:ted ;..~aults seema 

t.o f!iU~.mest in .f~vour of t.he laet. hyJ.?ot.hesia ~ceu~a ~ dye aseo­

ciat.1c.n proee:Ga d~ply iitvolves at.ruc~ut:al cheLlges in the aolvent.. 
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Tha interaction between cetJ..'{mic dyes and oolyelect.~olyt.es 

has been ~~idely studied in :r:c(.~nt y~nrs (17.) 'becau~Q ofi th~ great 

inttlJ:est. of these dyes in vru:'.1¢US f~lds of .biology. These u:~es 

e.r~ dorivatiws of a variety of arQ{nat.ic dOfl\.:')Ol.Ultla, ~ucn as 

acridine• thiamine, ~ant.cn$, tririneny 1-.rmtban$; et.c. They bind 

st.~ongly to any poly ooJ,.d au.bstrat.e, partieula~:ly to bio~lcal 

tissues aG too J.at.elf are c008titut.U4 of p::ot.~ins, nucleic aQicls,. 

Pelvr.m:cmt·vn:!des th~ ooa~: ionized groups on their chains. l\ t1Umtle~ 

of thorse dyea ar:e ue-etl for tltainin<;~ liVirig tissues, so~ of them 

h~~w ph.armaeolo;.tce.l prope.ztt.J.ec: a.~ their HlolacnJlaa b~ar similar.i.­

ties with l)tltibiotia l\ic>leQules such a~ ~1annomiaine anel ect.in.Qit\.1.• 

c.1.n.e. 1'-1any of th(:JH\ have a. reJ'i\arkabl~ '~ta.J~ilJ.cit:.y bfaing able t.o 

J .. nte:rft:re in ·the re..r.:.licat.igol o£ V~J\ ~ caus!l+.J the deletion or 

.1noert.ton of ttaae pairs (7£1•91>•'. The$e f~ct.s. are valu&ble r~as<Jtls 

to &&lrestJ reser::.rcm to t:.he study o£ tJ~ .intertlet.ion lt~cl·us.n1sm 

~t.w·eet.l ·dyes and poly ioos.c sui.ifitrat.~. 

The binding of acr.idin.& dye$ t.o PNJ\ mld iX>lyr.ibom.aclQot.idss 

has bean particularly studied: in det.eil using 6eversl t.acbnJ.quea 

Which .1noluc:1e dialys~ts eqvi.librium U32J, v~tacos.ity (19.93) 1 opt.'f.ael 

ar)SCt.:t:onWtt:r.y (So.~aa,M-aG), iru1uced optical rotation (87-S~fi, 

circular dl.chroiem (20,.91), fluorescence (93,92), :;;..ora';{ en :fibers 

(191 ao>, end la.-r angle;, Y .. -ray scat.t~r:ing (9J). l'hr~ grol!lt int.excst. 

.in the acr!d.ioo dyes binding t.o polynucleotides its nla.inly- due t.o 

·the re-mal1;ablo ttlUt.&J~lieJ.ty of acrid~s ~h.ich can· .illt.erfc;;t$ in 

the re.Plicatior~ of PN:>-. by causir~ deletions or .. i..nsortions oil base 
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pe.trr.s. (Sl, 94 >• Hen~ver, :ro~;e thaa fifteen yet.u"S. a.go1 Sradley and 

:r~-.:tf;son \95) pointed out that .ii'l &VJ.te of thO! great amount of exparJ... 

:~tel data ~;Jathe.r<s:lt1 rl't.it.h a vari~t.y of methods on t.ha 1nt.erl:)c.t.1on 

bGtveen dyErla. 'csr.10c:!elll' o£ the OOJ:.idin.e aer:"ies l end biological 

polt~leotroiytea 0 there \vl'JS no coml>lete vict"'n:ca COtit,?rebellGiW of 

~n:tfiu<l Picture o.f tl1R.i b.il'l-ding z>rocetl:s. Since the~ in~tormation 
- /) 

round.-up, £ccm~r(~ei (Jn the b.ioloa J.cal .1nterest:. found .tn cor~:~ou.ndS 

'ilroV.:U'lg mut:.ag~"lic p~;ope~.ioo t has nm;J.coebly .:i.n.erQ:~sau. Nevo~thttleae. 

1t ·seem~ nra.d.l.ey and t.;.u.:scn• s stetement. .to st. ill et~oomg. 

Th~ <aa.in feature of the. bj,n~:1in.g of the a~t.iooic dyes t.o 

b.i~PC?lyme;rs end to Bynthot. .1c polyelectrolY:teB iS the So-called 

'•mstl!Chl:'o£Ms1a'" that .1.s a chang& of the absorption and fluorescence 

spectrum in the vie.tbla r~ioo (14) Cl' •rh:ts e&~«:t bas be<&n suggested 

as due to d.t.ffcren~ binditl'J ;rooea ot 'th$ aye molecules on t.he 

substrate (84196} t.fh.ich can exhibit. diffo~cnt alJSorpt.io:1 spectra 

!n the visible rc~.tan~ The ebsor,vtioa b<mda sh~ that t.he dy$ roole .. 

cul.es bind. as nonomer t o1:· tha.t internet. with oach otlwr on the 

Polyoleot~ol:tt.s mol~oula to fot:m di.n.erd or aggreyat.es a.i.i·,'lilar t.o 

t.hone e~ist.irg .in conc.'Gntrat.r;.;d nq,ueoua solut-ions (3,4). .r.lthOU'Jh 

durin';) the lasi; d:eoadee a l~r9e O.::l!\dUir.\'l"'of 'irJol:K;. has ~n l,.)ubl.isned 

on the .intuli:net:.ioo of dyes w.:Lth s¥;1thett.io ~Jolypept..1dee_,s.ifniJ.er 

stUdy on the binding of the dyes t.o eynth<..-t1.c polyelectrolyt.es haa 

been neglec::ted• synthe~ic polyelootrolyta •nolecules are sim;jler 

.syet:.erro and tl~ $twd.y of their int.areee.ioo with dyes should give 

into:r€tsting .infor.natlon of relevance to pr®le:ns cc:mncct.Gd. -with 



biological poly ners• 

~rhe intert'!ction· of eynthut.io po;ty·el$Cttoly~ea ~ith m9ta-

chron¥3t.ic dyoo 1S aimilar to that- of bio~ogical ;volyrners (9"/1 98). 

The terdency of dye ~r,c;leeuleet to steel{. ea~ otnar .is ~h higher 

(97-100}, anrl general.ly .tt. ia ui~f.ioult t:.o ob8Eltrve t.he spoot:.rum 

of mono:~r ~1u .. 'ld dye. The si;-:...ple arad.ley and ~·U.)J.f ~~el '84) o£ 

dilutio."l of the dye . .r.::;lecules alonq the £10lY ~'~r cb&in ow .ing to 

t.hc' .tncrsnaad nurw~~:: of ava:.tl~bl~ b.irldlng' · eit.e!S does· not. apply 

entisfootor.tly in t.hie case but can ba a_:iplied atl;r to rigid 

volyrnora (101). 'llui' bahaviou;r; of B".(Uthetia .i.~olyalootrolytes C«lll 

Of.: attributed. to thQ high~:"Jr £l~ibil.1t:t of t.11e:ir ohtftin~ (S4,97·, 

9:>) \'~.it::.h: renpcct. to chose o.f biopolymor:a. ln this :cespec~ th$ 

poly (styit'Gne sulPhonic acid) has @.et ill:>re 1'fi.7Seffblar.ce to DNr~ and 

to polyribon.ucltiot.ides than t.o the ey·ntnotic eleetrol1te® \'>fitb a 

Polyv.inyl chain (9'1,99). 

ny nddin-J· a P~t~. solutiort to e dilute dye 4Solut.iort such as 

ear1d.ina orange one can see the gradual substitution of ·the absorp.­

t.ion band of t.'"le frea dye. (o('-btlnd) f;1.ith that of the dye bound to 

\ the l,30lyeleatrolyte 'y *-band), maraQ.t.er~tj.e 0~ the aggregated 

d.'fa• Tho ~.tx:otroplloto!OOtt'is gri'li~a ar" airo.ilar to thQm) obt.ainsd 

~:;y in.cre;]sJ.ng the dye ccr.cu:nt.ration ~n \u~tor. TheY band .is nucn 

Dl'.!'O<l'.:ler ana has a iM:<iinum shifted 50-60 u;a. t.O\'ItU:ds t:.he .blue regicn 

of the $pootrum. uere we are .Ul the :tJJ:osenoe o£ a a.ve e;.ccetis and 

oo, .. \"1& can e:t.JS\JtU9 tl'uAt the <) b~ oola'lg~ t.o the dye that aaturatea 

the n N~~ poly anion. t0 i ith a furt.bar: adai.t.ioll o£ P£ili. ( J..e. when the 

concentr~tion of the absorption G~tes on the polyel~~tralyte 



oolGcUles booo.'1¥lts gteet,ar than the d.ye crmcenttac.ion) tho o< -banct 

reutP!:Cars t~ith a $•10 n:n red shi.ft of .its t.nsxi~f'.um, i!ind in the seme 

t.1ma the Y band is gradually subStituted b)' a new '-"ile ( ~ ) uJth a 

ma.~imum ao lh'1l red 5hifted.. nte ~ bel~ and the net·l o( btu:'il . belong t.o 

tha bound ~.ve. ~nd wez:e interpreted . hlf &ra4ley end t·lolf t 84 ) es a 

dilution of t.he dye alon;s ·the poJ.yelactrolytr.il molecule W.ith t;.he 

increasing of the. available binding eiues. 

"A ~tatistieal ~;;:et;:ie,nant al_ld\lled de~ir&ing end c::om£)utin.; a 

<~m:.ad~.:11.1g t.:1Cil$fficiant1
' \i'h.i!;h e~ct:>unt.a for_ t.h~ t<::=~ldency of the dye 

ltl;:)lc;;o~lle5 to agg~egilte when bound alQfi'-J thf! Ji.)Olylller chtAin• 'Xhe 

COA!t".i<l.:Ll'la o&-~nge l;,.ind.;tn-J .sites on OHb '.r1t.U:Ifl assumed. t.o toe the .DN~ 

..;»ho$phor.'Lc groups· (931 102) as th3y ar~ t.it:.rat~d bt t.h~ C:fe· wit.hJ.Q 

a f0¥1 percent., !t should be ,t?9intea cut that; · Bll roet.t.~.Ohran'Ja:t.ie 

O::feS bc."'lave in an. almost id.~t;\t:lca·l wt!;;:f with DN?• and all .POlyacids 

G}.1&ib!t ~.1."~\ilar ef~t.a ·on. ~~e a erne d;(e. 

The Y ;Jnd p absor,Pt;.ion b~ds of the s~otra have been 

ettr.ibute:(.l to c..1ye {'<iolecules staehed ~s ~Jgre~a.t:.es or as d.inte¥"5 

in~idc the dol118:!n o£ .th& taecrO.ion \Stacked. bound dytl)• 'rhe o( baa:l 

is attributed to n\Otlo;nc~iQ ooun.d dye wh.tie t.he trans.ition from t) 

~nd ~ to o< band ~1 interpreted as due t~ tlla (tilutioo of th~ dye . 

. inside the duit\-;.in of the polymeric chain. 

t-lith ~at. synthetic P\>lyelact.rolytes11 oUch Ll2ifil polyacrylat.ee, 

poly~-n:.:~hacry lat.ea, polypnostJhi'ltee, oarbo:x.f. oot.hyl c~J.lulor;e ate. • 

t .. he bou-t'rl dye d~ilutt'"on 1~ not. so evid.ont. ~$ in t.ha t'l~n,. case bacaUGe 

ot tho st~o~ stacl~~~ c.~odoncy of: bound clf/e '77) enil it ic 



e{:lulvalt!!nt. acncantrat.l.on to d'JO o~entrat.it.x-'1 in oz;4er t.o see t.he 

::aappcarance of the ?(' abuorptioo b~ad. ;.~ P~cul.!ar JJ~l'lav.iour .is:• 

hm<~ever 1 shown b:f p¢lyst'f :r.qne sulpnotlio acid (tJl~,~} Which shows a 

· s£)eotrophotom::tr;U;: behaviour n.imill.'lr t.o D~~At e:;chibitJ.ng tha o< 

ab£UJrpt.i('n band at P/D rat.ios not nwch high0r t.brm unity (~a, 

101,103 ). The sulphordc grou£)6 een be easily t.it.rate-.1 st:.oic~ic- . 

rN.;,Jtrieally by uain:;J a dye such as acd .. d~"le o:rarlg~ to an aceul:7~Y' 

of 1-2~~ '101, 103). · The -stacking c~fif ici(lnt of the bom'ld dye, on 

'i:.he other hand, is lOl-lt .:tndioat.inJ srxcifie L~tcraot.tona Wt.'i~eer~ 

thf! dye e&~ the polyrrcr.ic chain., tna.t favour t.h.Q dye ~i."'QQ:lomer!za­

t.ion. r...ccordin;J· to 'Vitagliano azlt'.l Co:;Jt.antino (lOl} this ~haviour 

-r..::alat.ion, of dye ~lcculas bet.Ncen .neighiY'-'t.u;ing rings, sirnilat' to 

thn:t fom¥1 ia the lJNJ.< .... dya e;,totems9 t.hc Dtec:~~"'ig coa.f:t;Jc.i~nlt veluae 

m~c ol~o vcrz:y lo'~ in this cafi.10 (84,104). 

It. ie wo~t.h rna.."1t.:..1on1~ ~hat the polyrn<~r ma.t.x=.t~doas &lot 

.inorGnae the ~taclting tendency of the uye., cia eorq:n~z:ed ,lith the 

one in £queous solution. on thu. cont.r5ty the b.tndi.r'lg to a ~lymer 

pro!Tt)t.ea the tnono:aerization of thO dye Inoluc:uJ.ea. The ~nai:kel 

I!!SSOC:iat.ion efft"...Ct; a,pp;,n~:~n.t.ly promot.od Oy th.e binding procGao ia 

actually due to the
1 
fact that bound dye molecules ere constraine-d 

within the polyelectrolyte Hphasen ao that thVir actual. loo&l con-

. centratioo is muc."l higher tnnn thO! at.ch.ichiomtr~te one. 

'!'tm diit:eront equ.:LJ.ibr.ia crt.aJ. .. actet"ize t.he dye .... pol.yeleotro-
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Nhere ,P .ia ge.'l~rally ohouen. na the maoro.ion nl:lnomer.ic unit.. Th'l 

r.ibove arJaOl!'Pt.:Lon .r~:n~ct.i.on i;ll9lie~ nn oxohan·ge w.itb an equ.lv~lent. 

nmo:uat of r:Jolyelcct.rolyte counterioJ:l$• 

(ii) The ansooimt..1crl1 or staclt, of :tn.G sl'Je bound t.o the 

Polyoleotrolyt$• 

iltr.ffiVt?~,· authors have usually 1Jrefer~:ed a <rodel for theiJ 

ftli!>cro:Lon es a ·l.tnear sequence of binding sit.ea so that. t.he etsck­

ing aquilibr.iu.su ca~l be eons.U1ered aa a i.:iiotrikn:tion of dii:f·erent 

~1~.1Bs nlrog ono single di~ect.ion (103 1106). 'l'his m:xiel ie 

certainly ~eells~ic for polyirers with s rig.1d st.ruot.urc .itrply.ing 

open chain confo.t'mat.:tooe in .aolut .ion; it ~ay fail for fl~.ible 

chains that can assume cotupaut. coil<:.'d a~f:orawt.i.ons Gimile:r.~ to 

tion of.dye.s t'lit.h nucleic ooi~la (8<\l 1 lOtk,l07), polystyrene pulpho­

uatoa ( 101,103, lo&,l09 J t P<>lyeet;;ehar.Utas (llO) end polyglut.amates 

\ 12,·19, lli) • 

The s,ic:1:?1eat exp.reosion to deocr.ibcl the bin~liny equ.il.ibrium 

.ie tha l1angiau.tr iaot.rn;rm (112 ),. ~Hld often experimon.tel data fit . 
t-n. 

\vell,{~uoh atl e . ."X"prees.icn. t:"l. more .accurate ~pz;est>ion J.s derived 

.tf OiW oenunua the linear chain model of ;Jcfnwarz ( 113) of cou:t·se, 

the. b.irul.i.ng !'recess can not oo cons.idert::u separately irom the 

stacking one .end in t=rot tha stnat::ing teaaency of the dy~ favours 

the bindin"'J • promoti.n..J a cooparatj. ve effoot.. 
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!t has b~e11 suggest.lled b'J i,.:ial end ~3chubart 0.14 > that t.he 

i;\ppearance of motachrowas:~ of cnt1onic dyes »y ~..ld.1n1;} \to ~oly ... 

anioo::., da;t.."E!nds 011 the .1.n-.:.e:rHotio.11 of three t.yr•~ i (i) eloot·ro­

sta\tic .:t.r.rt:.eroction be;t.-woon dyes end anionic sites of polyan1one, 

\i1) hy:LiX'ophob.ic !ntere.ctiou b(,t,;...;caa bound dye via the effoot:J.ve 

confo)."mat.ienal Clh~ngt: ''£ .PQl:ftr~r cha:ln1 (iii} mto~7ection of n 
. / 

elcc·trons bett-Jeon bo1md (lye£<. They au~g~stoo that t.he first. .intarac-

tion '\4as ;vr:obably the etrcrv:J~~t of the three ~nd ·tha~ the third 

it'lteractioti w&s O«:i~aential for the P.l!"L'•'e:uu:cu:ll:!e Q.f meteQhro.i~Y 1 

elthwgh it won t!1e 'Noru;.~ilt of th~ tlu:uth 'the £.act t.nat. las:ge 

:tlat. .irol~CtJ108 EU."e bound to the polf~'lion i!Olecule5 aucb .~r~ 

strotlg ly then mnall .tous suc:h as r.,i+, t:la·~ t et.c•, · .i.s . a stronfJ 

evJ:dence that other .;in.t.eract.ia.t.s besides tht.a .electro&t&tic c:mes 

Play a. rel~van·t. role on the dye .bJn&ng prc:.:ceas. Ho· . .sewr, ·tn• 
. ../ 

,· 

electrol:."te ;roleculos bind a voey little amount. of dye as a~~n 

by. u~rooo et al '97 ). t'ile can a~si~r• to the elect.rostatio effGet. 

the follow!.ng e~peri~nt:al. foots \a} the evidence that. .b.1.nd.1.ng­

mit.os correspond to ionized grou1~SJ (b) the inore£Jaill{J birltlmg · 

otren-Jt.h bf· .increl!tJ!n;r chaxv;J~ (1e~lty 1 and 4c i the ca.m.?etit!on of 

r.ctal ,ionn, includin;J aU:aline fl'Gtal .ions, f.or the binding sites. 

:~;;~;,.-Grictc:ntal ov,tdenc:a sha¥1£3 t.hat the aroount o.£ availel>le 

b~nd1nd Di.tes. on a vo1y~loat~olvte generally eorre~ponas to that. 

of J.ts 1.oni5ed grourJS \W1lOJ1l.03,lll.)/ :i1or aortitl .[.)Ol:f:~rs aucn es 

D.I.,}J\ or ~s08 t.h~ t.J.tratic;;n o.f ior&i~~'d groups ~ith. a dye is sto.ichlo­

m::~trio vlith atl error lOW"cr than 2-.J:;t;: · $0 t.b.ot ayes can be uaocs .tor ·. 

t.itrat ing. t.ht~ polyclect.roly·te .in V(]Jry d.ilute solution. I;;;xper.:Lm~ntal 

dnta also dGH<~natratoL . t.h<:At tho binding atren~th iS en increasing 



funotJ.on of the rMCro ion marge drosity '77}. ~o, ~or part.!ally 

ion.1ze<l 19Qlyicnn (auch ~ rJOlyc:oox:-e bea,r.1nJ c~rb~ylic groupa elotl;J 

tl"t.e ahmin) • t.he a.1WUJit. of dye thst t~ullturetao tho polyelectrolyte 

tncrevoens p.r(jport.ionally to the degree of neutreli2at1oo, \-1hi.le the 

concentrat5.on of free dye it.i equJ.lJJ'Jr.:i.uru ·N.ith the .boun.d one 

uecrcoaes (97). 'l'ht.:! Wl'l.VO leQ;Jt.h of the nat.aohromatic band rof·lect.e 

t.he etrenJth of th~ stac~mg of oourKl dyes ' thEJ snort.or the ~;;ave 

length of the mataohJ:"omnt.tc bend, th~ stronger t.he ~tacking of 
' bound dyes \115)• 

the rcl(i;jmne of th~ dye from the poly•rcl;'.:tc Ul;'ltr.UC ·to aolUtial. \llo, 

1rn. There ia cottU.:.€t..ition v~.it.ll ~total cnei.ooo, even w.ith thoSe 

ouch as ell,ali rootala \llhioh ar&~ tt·l,;:JUght. oo bind to .:;.7olya.1Gct.rolyt.!i 

mol~ouleS Hle!.inly or Oi.'lly by elecurostat.iQ i·nterect.iom~ \118•121)• 

The· co:tt~t.ing l~'l dhaL-ge ie ·t:.ne irQSt effect.:Lve .factor oontt-ol.ling 

the dye.e.;elt ion end.'l~ng-e: equilibr.turn, t..~ough diffGrent. C~~feotdJ 

we1:e ol)ser\r4ld. for aeries o£ ions bet!iil!:'.ing th.e ~ame charge ,e.g. 
~ ++ ~~ L.i.~-, Na+, cs , .... •• or r·tit>+, ca , Ba • .... •) \l22-l23) preeU;-nebl:sr 

~h.il;'a.t ct. al (124) had recently inve.e~~.u;atad the effe<;:t. of 

alkali r.10tal chlorJdee md 1.-.auoetituted 3 .. carbamo.rlP.triO..inium 

.bt:>oir.~des 0::1 the tt:~~a<r:hrom~tic behaviour o£ matny lene blue indooat'l . 

i'.:r;{ poly(v-taaoium otyreoo aulphonote I \1:>785.) 57.d l'JOly (Ptaas.ium 

vinyl aul.l\=ihot.e) t~ . .~v~~) o~ot:.rovhotor~tr.icolly. -r·nt~ size of hlf~!h:zatt.:.'d 

ion e."l<.i che hyd.t-o.t..:;hobj,ci.t.y of nttbat.it.u~nt ~·:ot:a oign;U;ioant .factore 

{.(:;:,); ir~OL'g~lic end OL"gefliC J.oon. .ree,yect.iV€#ly·. Th5;t oo~erved t.i"V3t. 

the ooncent:.ration of aal ta xoquirc.u to dest..r:cu the mot..ecl-u:otnesy 



\~ 
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irldt;lqed bJ Pm; ~"ld PV'.JN deoraasoo ;Lri the oz:aer 11 t.i 7 t~a.- > ~ / ce , 

iifhich !a j,.q goe:.l ~reon)el.&t. td.t.h t.hat of the binding. affin.it,ieJa 

c.'if t.h~se ions t.o polyst;t~Jla aulphon.at.e (125,126) ~~l\1 LlOlyvinyl..:. 

f)f the boonct mc~hyl~l.14l olue b;{ metal. cat.io~ ret.Sult.in; in the 

(lest:.r:uct.ion of r~•ctaclu."'nu~sy is .indue® by i.'lOn•s~ific elect.ro­

$tat~ fare~n. 2hirei et el (1081 129) furtne~ studied'the struc­

tural effect. of polyanioM on the ~t.aan:rometlo beltav1our of. 

tnet.hylena blue end concluded that. tho fle&ibi'l.i~y and d\arge 

denoi·ty oi: the polycoox: are the .i.rnrlo,;tno.t f&etors in the agg:3C6ga• 

tum of th~ bcmnd dye and that the di.fforf.ltlCe nmong ..so3 • ... oso; 
and co.o-: es binding .sites .i!! not a ~lgn.U!e~mt factor. Their 

re6ults t.iiU)Jgest thi'!t polyt.tn.ionei havit}g a highm:· .fle~ib.ilit.y and 

chorge danaity nhow a higher d:ya .bitl:1ing ~.fi~.1ty. HoWts'Vcr• it wa• 

g~~~l&ral.ly observ~d that £or> ~;>elyanioue of 5!•i'Lilar mac~leeular 

at.r~ct.u~e t.lW_ orae:· ~ llind .. mg stt:~ngth Qf dyes is ' -~o;> -coa> 
-:-Poi/-cH2 - coi 'J.29J. a,ilmll.a::J:.{ tor .l:'JOltmera w.i~h a :t-10lyvinyl 

ch~1c1. 1 sulphon.ic grou.!PB bincl WJe l00-3:<.1 r.;tror~ly t.han cub~:;~x.vlJ.c ~~o.~~ 

'97,~9,103)• In ge:nerel .i.t. t1as £otm.d that. the '~teohro.-nas-! of dyes 

.iucluced by ;polyan.Uxlo .is ·e..'l$:te~ly · d:C~t.~d b'.f ~i}Uch f act.cr:s ~ 

degree of polym:Qr.izat..ion -of r:olyllnion, nt.Mnber of an.1.on.to sJ.tGa 

par .t)()lyra:ilr molocul~, fla:>:.:ib.ility of polymot ch4!'iint ana ,t"JOlyl"tar-

dye_r~t~o in·$olution. 

'l'he effoot:.a of aliph(:itic tail of 1\l,..elk'J: latcfl acridine 

ornncJe dax-ivat.iv~e on the int.erllot;ton of voly ":Sty~z.la sulphoruc 

me .ti · h~<ue boon studied with G.Peet-.rophotomet.ric a.."Xl eleetr .1c 



dieh~iam w~asure,~nts by ~atuegishi and t'let~~ 4109). X't1i('o:u the 

enalyo.is oi the e:otporimental results they .cot~lutled that the 

lE:ngth of ~he a1iphnt1a tail effec:ts the coaper~t.J.W interaction 

a.mong bouw dye species to an a.t::.pJ:eciablq, e:ctent. and t.het. the 

dynamics of a bound dye :mlooule is influenee<l by tho length of , 

the aUtyl chain m:>re de_lJ.cet<Uly than by the equilibt.ium cf _it.j· 

s·t.orio h~trwrnooe due to the al~Y'l cham, fo:J: e:.eam_:llet &ooy be 

in~:>ortmt tO'fierd the attaclit of a diffar~nt poly~r chain. 
I 
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c. f:fY...!:Sl.llZ m.\[\q~q,..ir~~~~:\f:\~.4 

ThE-, chromot.ro.Pie ef.feete in elay m.tnf.braals ~-et'~ obse~:ved 

b;{ veden.eva (130) by stltiy J.ng ~3or~tit)t1 of rnaloohite g~een end 

brilf.:tant. ~roen by motlti'D~i1lonito ald Jtool.inite in 1947 • 6he 

oonclwed t.ha~ fot'mat.ion of ionic bonc\a ~t.t>.t-een. cla-.ta ord dye 

aautled e hrtthcchro;nJ.o ~:Ihift, While t.hi:;: effect Of int.cnsif .iQat.J.on 

ot the dipole boni wa~ hyi)soa.'1.rom:f.o• tn 1963 i.leX9tlBM .end 

·t'J• d;:oooti.i (1Jd1) desor.i.bad a GP~ct.~o~~lotorrat.ria t>t.UGt~· o:· l'OOt.hylene 

~).lue ~'lorbed on 43od1u:n beAlt.O&~ita.· li:;;~ct.ral ch.GC¥&EtJ we*=~ t:ound t.o 

' 
foll~~~ chan:J~:s in 't:!\~ t\:.rount. of \(Ot.~lene bltle sornsd en tne oley 

au~·iace. nue to the fnc:!t that t.hene cnang~e \"sere ei;:ail~r t.o the 

~t:Jeetxal shifts acoorn.PanyillJ dimet'.tzat.J.on ~u polyroor.tzation of 

methylene glue in sq;ooous $;olut.icnt, these ~h!tt.s \-lore elso at.tr.t.­

buted to dye-dye interaction on ~he sw:face of ~ntmorillo."lito. 
\ 

i\ccording to t.hellje authors· tt'le d!,rut ie hQld t.cget.hcr t::11 Loudon 

d.iJ.;persion florces liilld hyclro!,.-.hcb.1c boMln;~t 
.·, 

rariv an:! t~ur.io t ·132) in 1971 .i'nvestigat.ed in detail. ·~ne 

nataah·"'romr':ltic: behaviour of coothylene blue edaorbed an rnontm;n:.illo-

n.tte and ~hewed that t~.B adao;tption ta.k~ plaee l:ij' a catJ.on­

exo.h.mni'Je mechanism and tt-te tly!Si can bC~~ sorbed e.i.t.her at; the edges 

o£ t.h<.t clay illatelet.D or '?Jl. the o~goo on~ets, of i.UlG s:J.l.1cate 

.layer. Th(f:li latter tylJe oi sorption l~ads to ~l;et.aehromasy of the 

':Jyf:i w.ith a shift. o.f the eoo.or;.:~.ioo .Pand iu ttu~ vis.ible l:\:.'9!on to 

l0'>1er ~.ave leLl1ths. 'rhese at.rt:.t~or~ .:sh()uecl through ;.:-rey d.iffrnctim 

at.ud.ies., that. ~retl!ahro:aaay of methylene bl~ in monemorilloni·t.e 
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l.iea para! lei to the S·il..tc;:nte sheets &and conqlUdoo that 7\. •int.~r ... 

aet.:1cn~ t>etMeen the dye C!at.~on.a -and t.he ox,tgeta plmls of the alu-nino"" 

~iUe~t.~ lay~r of tho 1no11t,mo~.:tlltlJn1te lead t,t) 11l2t~dlJ:'()l~nany· \'th~tn 

cle!Y dye inter~.ctir.>ns t~~.:.e. .r.;la~. 

;ta\<:t~Jis~'li ~£~ 0cma (l.Jl) in 1901 $t.Udied t.h& aa&Ot;1;t..ton 

,,z; 1.~'\r(!iral ''~alk.ylat.~ e:cridi~ orerJQa bJ :Ja .. :uontu-or.tll~U.t~o ln 

th~.i~ st.U'ly they showe¢1 t,~ei:t ·aYl~o.t:tJtion of d·atioi'li¢ aye(j v!1icn 
' 

he long tl.') th.Cf;l acridine orang~ fa,i'fily mlso . rcmult.S i.n met.aobro:i'lf.i61· 

Ht.trruvt-<r1 t.ney consi4~red ~ cl~y tru.ne~al i\\1!!!. a normal poly~l~t.ro• 

1yt.e and believoo that tha .iilt~r~ct.ion be~t1oon t.hU~ m;atively. 

ch~c-11 rn.i.neral atld t.he dye aati.on !a a pure eleot::oat.et.io at.trao­

tiosl atld that metac<):'u:orfil!lEJy ;Gt!l.Ulted. .from th~ f!ltr.e~ra1!o interet:­

tioo bet\'1een n.eighbout".il:'l\il atlst>rh~ Cfllt.ions .. 

r-1o~ :reeent.ly in 1~84 Cohen and '!tariv '134 i ~tf.m.ded t.hait' 

ea::li.er stutlie~ (132 :> aoo ..tnve$tig~t,cd roet.ecmrtltMfJY oi aorialne 

ora~l~ uz;i&l...:J n-:;:., r~·~ l~'t ~1".:1 sru cu ..... ·,oor•tflD,a:-.U.lonJ.t.e by vi3.1bl& 

and IH D.Peetronco.vt artd b'J ;.~r;ey di.ff~eot..iOi'l msthod. ~~CZI types of 

a~Gmo.:t~ticna b<.atween, aor-i<.U,rle orange etld moJ4t.r~r.11le;:;nite t~e~ 

:n.ot.~>d. ; \l.) a monole-Jtit' of the (aye leicac.ea iu th.~ J.nt.{:elayet 

:::~vac~, ~ith the ~z:omat:.ic rl!~$ par~lle.l. to t.he alum.tnof3Jtl.icat4i!: 

l~ter .an<l (11) a bl1ayu~ J.n trle ..'L.'lt~'"layal:; ts.t.J~~ or t.ilti~~-l of 

the catiooic dye relet;i.ve t.o the alt.un.ino-s.il.icate la-.t®li• "they 

concluded thr.:t. .in the asaooi~at.:toi'l of type 'J.} meta.ehrort~asy cannot 

b~ attributed to dim'lrisatioo of thlill dye but rwae br~ caused by 7\­

inte:ract:ionB b:~t.\meil the o:~gen of th.e elumtnoailicat.e end tha 

aromatic r!r.q • 

,. 



In view of ·1:111! ~ve eQnf.lioting ot;,!rd.onS- oo the OliU.:t8es 

of metachro~a~y uh~~ cQtionic 4y~a are sorbed on cluy mine~als, 

the present. st.u:ly hae been o~:;;ii~'H~ out. t.cr t.'h:l..~l tw:t.~x- light 

in this fleld b'f ;in.ws.t.ir.J.ntin:J tlw u;p~oter~l ~tmviour of t.r~ 

M.::thyl prowl t.h1onine ''r•M.?Tlt t.rilllit.nyl oo:c:yl th."'tonifl.e 4Tuar)., 

..;ttet.htl mot.h;f'l propyl thionJ.ne \l:J.fWS£~ > eoo diet...l1Jl :~i(iit.h,y l ~u~y 1 

thion.i.ne (t>EHaT) \4~en .sorbGd kf./ .mone~~r.il~ollit.et v~rm.iculite Md 




