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The \vork embodied in the thesis deals with Physico 

Chemical Studies on the Interaction of Selected Cationic Dyes 

with Aluminosilicatesc l!~or this purpose two xanthene dyes, viz., 

Rhodamine 6G ·and Rhodamine B having similar structure differing 

in shape and post ion of alky 1 substituents and one O.:xazine dye,. 

viz., Brilliant Cresy 1 Blue obviously differing in size and 

structure frorn the other two have been chosen as adsorbates. 

Two natural e.:xchangers viz. rrontmorillonite and kaolinite and 

one synthetic exchanger viz. laponite (hectorite) have been 

selected as adsorbents. Attempts have also been made to understand 

the sorPtion behaviour in the light of the structure of the 

adsorbate as well as adsorbent .. 

In order to understand physico chemical aspects of 

exchange equilibrium considerable attention has been devoted 
. ~.. .,. + 

to studies on desorption of Rhoda.nine 6G and Rhodamine B 

ions from their respective exchangers. Honovalent and divalent 

inorganic Cations as well· as alkyl quaternary ammonium ions and 

long chain surface active ions of varying size and shape have 

been used as desorbing ions. 

A systematic attempt has been made to interpret the data 

of both sorption and desorptiOn in the light of prevalent approach 

and model and also to express the data in qualitative and quanti-

tative~erms. 



-8.. 

Attempts has been made to study the aggregation of the 

dyes on above mentioned e)(changers. For this purpose above 

mentioned Cationic dyes belonging to different categories nave 

been chosen. 

The effect of temperature on the sorption of Xanthene 

dyes on the natural e)(changers have also been investigated. 

The present thesis embodies the ~sults of research 

carried out bv the candidate at the Department of Chemistry, 

University of North Bengal. 
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CHAPTER - I 

SECTION - A 

Introduction and Review of previous work• 

The process of ion exchange is the mechanism operative 

during uptake of ions bv plant roots from clay minerals and 

other soil components. In this process the clay fraction of 

the soil plays a significant and vital role. The study of the 

exchange. characteristics reflects generally, the exchange 

behaviour of the soil as a wholee The colloidal properties of 

clav minerals have been used for hundreds of years, especially 

in the manufacture of pottery and in foundry. The contribution 

of our ~nO\'J ledge of clay minerals is largely due to scientists, 

colloid Chemists, Ceramicists and physicists who have appreciated 

in their respective fields the importance of the clay minerals. 

A svstematic attempt has however been made only in this century 

to understand the origin of their behaviour. Considerable success 

has been achieved in the past fifty years with regard to· the 

search for high purity clays and for evidences of their cry.stalli

nity. The atomic structures of the common clay minerals have been 

to a great extent determined and applied to explain the properties 

of the individual members by nucrerous investigators. 

In genera 1 clay means a natural fine-grained earthy 

material which de·velops plasticity when mi:xed with a limited 

qu~mtity of water (1) .. Clay is basically the' product of weather-

ing .of rocks or of hydrothermal action. It is also used in terms 

of particle size. In that case it is defined as a material having 
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particle size lower than 2 .. 0 microns. The material below 2.0 

micron is primarily the colloidal product of weathering and 

hence constitutes the active portion of the soil (2,3,4). The 

fraction is mainly composed of clay minerals but may sometimes 

be· associated with non clay ·mineral substances. 

The composition· and crvstalline structure of clay minerals 

are narJ Well established with the help of such techniques as 

X-rav, electron diffraction, diff.erential thermal analysis,. 

electJ7on microscopy and other optical studies (4) besides 

chemical, electrochemical, ion-exchange and viscous properties. 

The clay minerals have been classified under separate 

headings, such as kaolinite, montmorillonite, illite, chloriUe 

and vermieulites. Mixed layer lattice type minerals have also 

been identified in natural clays. 

On the basis of crystal chemical approach,. the correlation 

between the structures and the exchange properties of the clay 

minerals has been established from the important researches of 

Pauling (5), Bragg (6), Gruner (7), Brindley \a), Hoffmann (9), 

Marshall (lO), Hendricks {11) and others (12-18). From these 

studies, clay minerals are recognised to consist essentially 

of two structural units. One is composed of two sheets of closely 

paclced o:xygens or hydroxy ls in which al umin.i,um or magnesium at oms 

are arranged in octahedral co-ordination so that they are equi

distant from six oxygens or hydroxyls. With aluminium in the 

Octahedrai position, only two-thirds of the possible positions 
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are filled to balance the structure. It is the gibbsite structure 

having t~e formula Al2 <o~) 6 ; when magnesium is present, all the 

possible positions are filled up to balance the structure giving 

that of brucite which has the formula Mg
3

,oH)
6

• The second unit 

is the tetrahedrally co-ordinates silica. A silicon atom being 

placed at the centre of a regular tetrahedron is equidistant 

from four oxygens or hydroxyls. The silica tetrahedra are joined 

together in the a, b directions, through oxygen, to form a 

hexagonal network which is repeated indefinitely to form a sheet 

of composition Si
4
o

6
(0H)

4
• The tips of all the tetrahedra are 

in the same direction. The structures for some of the alumino-

silicates used in the present study are described briefly. 

'Kaolinite: 

The kaolinite is c"Omposed of a single silica tetrahedral 

together with a single alumina octahedral sheet confined in a 

unit so that the tips of the silica tetrahedra and one of the 

layers of the octahedral sheet form a common layer. All the tips 

of the silica tetrahedra point in the same direction and toward 

the centre of the unit made of the silica and the octahedral 

sheets. These sheets which are continuous in the a, b directions 

are stacked one above the other in the c direction. During 

stacking the oxygens of the tetrahedral layer are placed very 

close to the hydroxyls of the octahedral layer, so that the 

sheets are held tightly by hydrogen bonding as a result of which 

verv little expansion in the c-direction is possible. 
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Montmorillonite: 

According to the currently'accepted concept, montmorillo-

nite is composed of units, made up of two silica tetrahedral 

sheets, With a central alumina octahedral sheet. All the tips 

of the tetrahedra are, pointed in the same direction and toward 

the centre of the unit. The tetrahedral and the octahedral 

sheets are combined in such a way that the tips of the tetrahedra 

of each si-lica sheet and one of the hydroxy·l layers of the 

octahedral sheet form a com~ron layer. The atoms common to the 

tetrahedral and octahedral layers become 0 instead of OH. 
I 

The minerals of the group are also developed by stacking 

of these unit sheets one above the other in the a-direction. 

During stacking, the 0 ·layers of one unit are close to the o 

lavers of the other unit, so that there is an excellent cleavage 

between the sheets. Polar molecules can enter into the space 

between the sheets causing expansion of the axis in the c-

direction. 

Isomorphous substitution of other metal ions for silicon 

and aluminium by iron and magnesium is found in the minerals 

nontronite and saponite respectively. Substitution in the 

tetrahedral layer in montmorillonite does take place but to a 

limited extent. 
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Laponite' 

Laponite is a synthetic clay of the hectorite variety. 

Hectorite is a natural mineral swelling clay and usually remains 

heavily contaminated with other minerals such as dolomite, 

quartz etc which are not easily removed. The deposits of 

hectorite are also limited. L?ponite provides for the first 

time, a reliable consistent supply of high purity swellin5t\ clay. 

It has a nurtber of other important properties not found in its 

natural equivalent• It is composed.of magnesium silicates with 
. -

a lav·er structure and is obtained as granular, free-flowing 

white powder. The powder forms thi:xotropic gels when dispersed 

in water. Laponite has a layer structure similar to that. of the 

natural hec~orite. Hectorite is the trioctahedral equivalent of 

montmorillonite and owes its charge to octahedral replacements 

of Mg bv Li. 

Its structural formula is 

IV 
~,.- s18 J VI 

/..- Mg .Li J 
. 6-:x ~ :X 

Mx 

The charge :x is of the order _of 0.6 to 0.7 valencies per unit 

cell. The structural formula of Na-Lap6nite cP is 

N . (Mg L · ) S ' 0 H 
ao.7o · 5.26' J..o.59 · J..o.ol 24 3.97 
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In certain Laponite products, there are no fluorine atoms in 

the structure, these are being replaced by hydro:xyl ions .. The 
0 

lavers (platelets) are about lOA thick and are e:xtended in two 

dimensions. I£ the cations present were only silicon and 

magnesium, a single layer would be electrically neut-ral .. However, 

since some magnesium is substituted by lithium and some structural 

positions norma~ly occupied by these cations may be unoccupied, 

these layers have ·a negative charge which is balanced by 

e:xchangeable cat ions, normally sodium ions, situated outside 

the structure, between the multiple layers. 

Usually during 9z:ystal growth, the tetrahedra are not 

solelv OC!:!cupied by silicon or by aluminium or magnesium. 

Aluminium may substitute for some of the tetrahedral silicon 

atoms and Fe, Li, Mn, Cr and other metal ions of suitable size 

mav occupy a part of the octahedral sites. This isomorphous 

replacement of ions unbalances the overall cha~e of the crystal 

lattice. An e:xcess negative charge develops which is balanced 

by cations that are retained on the e:xternal layer silicate 

surfaces .. These cations, e.g. Na+, K+, Ca2+ and others are more 

or less e:xchangeable, depending on the nature of the replacing 

cations, nature of the adsorbed cations and the'rnagnitude and 

distribution of the structural charge. They are held between 

unit lavers end bond the layers together. This brings the idea 

of cat ion e:xchange capacity ,c .. E .. c.) of the clay. 
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The ion exchange sorption of inorganic as well as organic 

ions is known to occur in clay minerals \19,20). Hence the 

origins of the charge of the clay lattice are believed to be 

due to isomorphous substitution, lattice imperfections, broken 

bonds at the edges of the particles and exposed structural 

hydroxy ls. The negative charge on the clay minerals is compen

sated by adsorption of cat ions .. The counter ions are held on 

the external surfaces of the aggregates and between the unit 

lavers in clays which swell in aqueous suspension, where.as the 

s·orption of counter ions takes place onto the external surfaces 

onlv in non-swelling clays. In aqueous suspension, some of these 

cations remain in a closely· held stern layer, others diffuse 

away from the surface and thus form a diffuse double layer. 

Provided that they are not fixed by engaging in strong~ specific 

bonding with the clay or by being trapped between unit layers 

that have collapsed together irreversibly (lattice collapse), 

the counter ions can undergo ion exchange with other cat ions 

present in the system. 

The magnitude of the C·E·C• of a clay depends largely on 

the type of .clay and to a lesser extent on the source of' a 

particular sample. 

The experimentally treasured specific su:r-face area of a 

clav mineral depends on the type of clay and the method of 

measurement employed; among clays of the same type, the values 

differ from sample to sample, and the nature of the counter ions 
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present in the sample may also inf-luence the rreasured surface 

area. The theoretical surface areas were calculated from the 

weights of the unit cells, and their dimensions as indicated by 

' X-ray diffract ion. 

Systematic studies of cation exchange in pure clar 

minerals were carried out by Page and Baver (21),. Bar and 

Tenderloo (22), Hendricks and Ale~ander (23), Schachtschabel 

'24), Mukherjee (25) and othe_rs. J:vlost of these investigations 

were based upon exchange equilibria, selectivity etc. with 

simple inorganic 1ons (26,27). Exchange reactions involving 

. clay minerals with organic compounds have also been establiphed 

by different scientists (28-31). 

Amongst earlier workers, Renold \32) was perhaps the 

first to study systematically the e~change behaviour of Cu, 

Pb, Ni, Ag, Zn, Hg and Cd permutites and observed an increase 

in the exchangibility of these cations in the order shown. Zn 

was found by ·him to be as effective as Ba in its e.xchanging 

power. Jenny and Elgabaly (33) showed,_ on the basis of exchange 

characteJ:istics of ,Zn m::mt morillonite that Zn ion _is partially 

rendered non-exchangeable by being coordinated to the clay 

mineral. Basu and Mukherjee {34-35) have studied in detail the 

interaction of montmorillonite clay and trace element cations. 

Thev observed the release of the metal ions in 

Mn2+) N-f 2+ z+) 2+ .... = Co Cu from the clay surface 

2+ 
the order Zn ) 

+ by H • Moreover, 
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quantitative measurements revealed that the amount released was 

much less than that adsorbed, so that a part of the adsorbed 

cations was considered to be 11 fixed 11
• Martin and Glaeser (36) 

studied the adsorption of Co(NH
3

)
6

Cl
3 

on montmorillonite under 

various pH condit ions. They found that it also permits the 

estimation of internal and external exchange capacities. 

Chakravarti and Laitinen C37) studied the adsorption and 

desorption of Coen3c1
3 

on Pyrex glass. The exchange capacity 

3+ 
determined from the exchange of L.- Coen J agreed well with 

3 

those 

3+ 
Cr 

51 

obtained from the sorption and desorPtion studies of 
+ 

and Cs • Das Kanungo, Chakravarti and Mukherjee (38, 
137 

39,40) studied adsorption and desorption of hexamine Cobalt (III) 

chloride and trisethylene diamine Cobalt (III) chloride on 

bentonite and vermiculite and observed that adsorption is 

according to Langmuir's equation and desorbing cations arrange 

themselves according to the lyotrope series. Recently, Sarkar 

and Das Kanungo (41) have shown that in the exchange of tri

strimethy lene diamine Co (III) from the bentonite matrix by 

alkaline earth metal ions, both the hydrated ionic radius and 

• 0 
the reciproca.l of the Debye-Huckel ~on-size parameter, a ,. may 

be used to correlate the relative affinities of the ions for 
0 . 

the minera'l while for the alkali metal ions only, 1/a may be 

utilised for the purpose. Thielmann and McAtee, Jr. (42) 

investigated the ·gas chromatograPhic behaviour of metal-tris 
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{ethylene diamine) complex cation-exchanged montmorillonites 

for the separation of oxides of nitrogen and light hydrocarbons 

and showed that N
2

0 is involved in an adsorption process on the 

oxygens of the. basal surface of the clay, whereas the light 

hydrocarbons were most probably involved in a sieving separation •. 

The cation exchange process between tris {ethylene diamine) 

Co ' III) and Na+ ' on montmorillonite was studied by Knudson, Jr. 
. 3+ 

and McAtee, Jr. (43) and concluded that the exchange of Co(en)
3 

+ 
for Na was extrerrely favourable, with a tendency towards 

segregation of the two kinds of cations in the mixed clays 

studied. The studies·on exchange characteristics ef Zeolite, 

either synthetic or natural by Barrer and his co-workers (44) 

and others have received a great deal of attention in recent 

vears. 

Interlayer complexes of clays with simple organic compounds 

are .essentially of two types, those in which the adsorbed species 

exists (a) as a cation and (b) as a polar non-ionic compound. 

From a study of the reactions between organic compounds and 

different type of clays made by a large number of workers, the 

specific nature of the clay mineral organic ion reactions has 

now been fairly well established. Under suitable conditions, 

most organic ·cat ions are capable of replacing the interlayer 

inorganic cations occuPying exchange sites in montmorillonite 

and vermiculite type minerals. 
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Hendricks (45) extended Gieseking's (46) study of organic 

bases, cations and proteins on montmorillonite to other aliphatic 

and aromatic amines, alkaloids, purines and nucleosides using 

H-roont morillonite as adsorbent. He was able to .show that small 
. + 

organic, bases neutralised the H ions upto or close to the 

exchange capacity of montmorillonite as· determined by the 

2+ 
exchange with Ba • On the other hand, large alkaloids, such 

+ 
as brucine and codeine, failed to neutralise all the H ions 

present in the clay. This led Hendricks to postulate that the 

+ 
difference between the total amount of H ions and that available 

for reacting with the alkaloid represents the quantity 11 covered11 

by the organic base. This cover-up-effect comes into operation 

When the size of the adsorbed organic molecules exceeds the area 

per exchange .sit.~. of the complexes formed in this WC!f, those 

involving n-alky !ammonium ions received the greatest amount of 

attention. The chemistry of clay-organic reactions has been well 

reviewed by Greenland (47 ), Mortland (48) and Theng \49). A 

number of general conclusions has emerged from these studies by 

Hendricks '(45), Jordan>(50), Cowan and White \51), Diamond and 

Kinter (52), Weiss (53), Theng et al (54), Walker (55), Vansant 

and Uyt terheoven (56), Maes et a 1 (57) and others and is summari-

zed below~ 

(1) Adsorption reaches a maximum equal or close to the 

exchange capacity of the clay._ For very long chain derivatives 
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{ )c8 ), adsorption may exceed this capacity, the excess being 

present as the free amine. 

(2) For m:mt mori llonite, the affinity of" the organic 

ion for the clay, increases regularly with molecular weight, 

that is, the larger the cation, the stronger its adsorption. 

This observation is ascribed to the increased contribution of 

van der Waals forces to the adsorPtion energy as the molecular 

weight increases and also to the changes of the hydration stat us 

of the ions in the clay interlayer. 

(3) Basal spacing measurements suggest that the organic 

ion is adsorbed with its shortest axis perpendicular to the 

silicate layer, since such a flat conformation enables close 

van der Waals contact to be achieved between the adsorbate and 

substrate. 

-(4) Single-layer coroplexes L 
0 

d '::! 12.;5-13.5 A 
001 

-_/ 

are formed with montmorillonite provided that the area of the 

cation (upto c10 > is less than the area per exchange site since 

the organic ions, adsorbed on one layer can fit into the gaps 

between those adsorbed on the opposing surface. If, however, 

the cat ion area () c 10 } exceeds the area per exchange posit ion, 

this lock-and-key arrangement is no longer possible and double 
0 

layer complexes L-· d
001 

,...._,.16.5 - 17.5 A J are obtained. 

(5) At high surface concentrations, long-chain alkylammo

nium ions C.) c10 ) may assume an "end-on" orientation in which 
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the alkv 1 chain extends away from and makes a definite angle 

with the silicate surf ace. In this co;nformation greater van der 

Waals interactions between alkyl chains axe possible. The inter

layer space is also increased so that a ,larger amount of the 

organic ions can be accommodated .. 

(6) In vermiculites the. tilted conformation is generally 

observed even for short-chain derivatives since the distance 

of separation of the negative charges in t~e sil1cate surface 

is less than for montmorillonite• The basal spacing of vermiculite 

complexes tends to show a continuous rather than a step-wise 

increase with the number of carbon atoms in the alkyl-chain. 

qouble layer complexes of vermiculite have been observed at 

high solute concentrations. 

(7) There is evidence to indicate that partially exchanged 

montmorillonite crystals are .composed of "inorganic ion rich" 

and "alkvl ammonium rich 11 layers as shown by Barrer and Brummer 

(58), Theng et al (54) and others. 

Sorption studies of dyes and large organic ions on 

different adsorbents, particularly on clays, have been made 

bv innumerable workers over a period of many years. Most of the 

earlier studies have been confined to the measurement of the 

surface areas and c.e.c. of the adsorbents. Relevant literature 

is reviewed in the following paragraphs. 

As early as 1910 Mare '59) observed that dyes could 

be adsorbed by crystals upto a saturation value. Ramachandran 
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et al (60) measured the surface area by low temperature nitrogen 

adsorption before and after adsorption of methylene blue, methyl 

violet and malachite gz::een on the clay fraction of kaolinite, 

illite and montmorillonite. From the difference, the actual 

e:xtent of the area of contact was evaluated. This was found to 

be relatively small showing that while the surface is available 

for nitrogen adsorPtion, it is not accessible to dye molecules. 

The cation e:xchange capacities, found from methylene blue and 

methv 1 violet sorpt: ion. on kaolinite and montmorillonite, were in 

close agreerrent With those found by standard methods. 

and 

Brooks (61) adsorbed methylene blue on Na+ forms (Na
22 

23 
Na ) of kaolinite, montmori~lonite and found the arrount of 

dve adsorbed to be equivalent to the sodium displaced; he believed 

that· the dyes were adsorbed, at the first s~age, on the clay 

mineral surface through ion-e:xchange process. More dye is adsorbed 

after that, which was e:xplained to be due to van der Waals forces. 

Plesch and Robertson {62) also proposed two distinct mechanisms 

to operate in the sorpt ions of dyes on surfaces of clay minerals 

viz. the partly irreversible iort-e:xchange and the fully reversible 

ph"sical adsorption. Bergmann and o• Konski (63) reported that the 

adsorption of rrethylene blue on montmorillonite took place first 
' 

through irreversible ion e:xchange mechanism and then by physical 

adsorption and verified the equation of P·lesch and Robertson with 

their e:xperiment al results. 
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From the studies of adsorption of crystal violet on 

anatase and rutile and that of orange II on anatase, rutile 

and zinc oxide, Ewing and Liu (64) estimated the cross-sectional 

areas of crystal violet and orange II. They assurood that the 

dye molecules were adsorbed flat on the surface and accordingly 

thev estimated the cross-sectional area of crystal violet to 
o 0 2 

be 160 A and 171 A depending on whether the dye is adsorbed in 

the dehvdrated or hydrated condition. The area occupied by one 
o2 

orange _II molecule was calculated to be 140 A • The surface 

areas_ of the adsorbents, calculated on the basis of these cross

sections, were in excellent agreement with those found out by 

low temperature nitrogen gas adsorPtion and also by electron 

microscopic analysis. Clauss; Rohem and Hofmann (65} reported 
o2 

78 A as the cross-sectional areas of methylene blue from the 

adsorption data on graphitised and non-graphitised carbon. The 
o2 

value of 130 A , for a flat molecular orientation, agreed 

excellently with that observed by Loss aad Tompkins (66) and 

Langville et al (67). surface areas of calcined magnesia, 

alumina, silica and silica gel were calculated from methyl red 

adsorption (68). The results were reported to agree wit·hin 6%. 

An agreement was also noticed in the values of surface 

areas calculated from the adsorption of monosulphonated acid 

wool dye (sodium salt of 1-amino, 4-anilino, anthraquinone, 

2-sulfonic acid) from aqueous solution and that from nitrogen 

adsorption. An N-H •• eO qond between the dye and the adsorbate 
t~·~r.-n J~t!\<tGA1. 

was suggested '69 ). 103986 
-~ 7 MAR \9J0 

~$');1i.'F>i.'<,'>\ot.; • . ~~ 

/J,A_U, t.~ ~~~~~ 
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The surface areas· measured th:x:ough dye adsorption, 

however, did not agree with those obtained by nitrogen adsorption 

in all cases. Kipling and Wilson (70) found discrepancies in 

specific surface areas of porous and non-porous active charcoal 

measured by' methylene blue and nitrogen adsorptions .. Hofmann 

(71), on the basis of methylene blue and orange II adsorption on 

a wide variety of clays, showed that the surface area c.alculated 

was onb~ 70% of the total surface area. Orr ( 72,73) found that 

the surface areas of two halloysite samples calculated by sorp

tion of four dyes viz. malachite green o~alate, malachite green 

hydrochloride, amaranth and tetrazine, were apparently equal to 

one-fourth of the total surface. Similar discrepancies were also 

reported br Darau (74), van der Grinter \75) and Bancellin (76) 

in their respective adsorption studies, viz., ethyl violet on 

silica, crystal violet on glass and methylene blue on mercury. 

Bancroff et al {77) from adsorPtion of methylene blue on lead 

sulphate, Subrahmanya et al ( 78) from crystal violet adsorption 

on glass and Doss and Singh {79) from thymol blue sorption on 

active carbon, arrived at· similar unsatisfacto:ty results. 

Giles et al (80) observed that the adsorption of basic 

dy-es bv silica from aqueous solution e~ceeded its monolayer 

coverage requirement. They opined that the dyes were adsorbed 

on the surface Dot as a single unit but as ionic micelles. This 

was confirmed by the adsorption of methylene blue and pseudocyanine 

chloride by spectroscopic e~amination of the solution before and 
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after adsorption. Association of the dye molecules in the 

adsorbed state has also been detected direct·ly by electron 

micro;rraphy (81). That most of the dye m:>lecules are associated 

in solution as micelles from 10 to 100 Cit>lecular units was 

reported bv Lenhar and Smith (82 ,83), Vickerstaff and Lenin 

(S4) and Bergmann and O'Konski (63). Mukherjee and Ghosh {85
9 

86,87) and Hertz et al (88) and Hertz (89) also observed tnat 

dve molecules, of whichthe monovalent organo cations are a 

sub-group, tend to aggregate into dimeric and polymeric species 

in aqueous solution. Kongono~oski \90) also viewed the adsorption 

of dyes to take place through monolayer sorption of .associated 

micelles. 

Brooks (61), however, advocated that the surface area 

and cation exchange capacity of the substrate.s, with methylene 

blue adsorption, could still be aeasured .. To calculate the c. e. c~ 

and surface areas, he suggested addition of dye solution to a· 

mineral suspension in small increments till the equilibrium 

-6 
concentration was 1 :x 10 (M), indicated by a slight blue c.olour 

of the supernatant. 

Hang Pham Thi and Brindley (91) asserted that trethy lene 

blue can be used for the measurerrent of both surface areas and 

c.e.c. of clay minerals such as kaolinite, illite and montmorillo

nite. Thev att~ibuted the cause of failures in measuring surface 

areas and exchange capacities by Faruki et al (92·) and Bodenheimer 

and Heller < 93) to the insufficient replacement of ca2+ .ions by 

• 
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methylene blue from Ca-montmorillonite used in their studies. 

Using Na-clay instead of the Ca-clay these authors calculated 

surface areas from the amount of methylene blue adsorbed when 

optimum flouculation occurred. Fully e:xchanged values of methylene 

blue was used to calculate the c.e.c. of the montmorillonite. 

Methylene blue molecule was considered to possess appro:ximately 
o3 

a rectangular volume of dimensions 17.0 :x 7.6 :x 3.25 A • They 

believed that coating of clay particles occurred first and 

visualised a flat face-on orientation of methylene blue molecules 
o2 

(i.e. lv ing on the 17.0 :x 7. 6 A face for effective coverage of 

surfaces. Flat side-on orientation of the dye (i.e. 17.0 :x 
o2 

3.25 A face)was assumed when full e:xchange took place. Brindley 

and Thompson ( 93a) later e:xtended this work to flbnt flbrillonite 

saturated with different cations and obtained e:xpected values 

of the surface areas and c.e.c. 

West, Carrol and Whitcomb ( 94) investigated systematically 

the adsoiPtion characteristics of more than thirty dyes on 

photographic bromo-iodides or chloro-bromides suspension in 7~/o 

aqueous gelatine solution in an attempt to correlate_ the sorption 

and optical sensitisation. It was noticed in soroo cases that the 

dye .adsorbed was very little at first but the rate of increase 

of dye adsorPtion increased as more dye was adsorbed. ·They termed 

this as 'co-operative adsorPtion' ... The intermolecular forces 

between the large dye molecules are so high that they polymerised 
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When the molecules cam= closer in the adsorbed state, giving 

rise to inc~eased rate of adsorption. 

De et al ·(95-104) made a series of exhaustive studies 

on sorption of dyes on to clay minerals and on their desorption 

from the clay-dye complexes by various inorganic and organic 

ions. They found Langmuir type of adsorption isotherms to 

operate in all cases. Surface area measurement, evaluation of . 

c._.e.c., determination selectivity coefficients and dist~ibution 
·or 

coefficients are the highlights .of their work. Narine and Guy 

(105) interacted thionine, methylene blue, New Methylene blue, 

paraquat ·and diquat With bentonite in dilute aqueous systems. 

They noted that the. dye cations form aggregates· on the clay 

surface and aggregation increases with ionic strength, raising 

the apparent·adsorption capacity by 25%. The aggregates were, 

however, removable by washing 'lr~ith distilled water. They also 

observed that changes in adsorption due to changes in temperature 

were srrall and the dyes were irreversibly bound by the clay 

matrix. 

Yamagashi (106) recently studied the effect of alkyl chain 

length '-CH3 to _c14H ) for the adsorption of n-alkylated 
29 . . 

acridine orange cations on Na-montmorillonite. He observed that 

the len;Jth of the aliphatic tail had no appreciable effect on 

the binding constant of adsorption, the rate of adsorption and 

the angle of the transition moment due to a bound dye with respect 

to electric field but the 'mobility• of a bound dye to an''empty 
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site of another colloidal particle.was remarkably affected by the alkyl 

,chain. Two factors, viz. steric hindrance and hydrophobic interactions 

among the alkyl chains of adjacent sorbed dye molecul~s, were supposed 

to influence the mobility of bound dye-in ·opposite wayse This finding 

demonstrates the ability of a clay to recognise the shape of a mole

cule and strengthens the possibility of using clay as shape-sensitive 

catalyst (107 ). Mishra et al 'loa) studied the sorption behaviour of 

two basic dyes, brilliant cresyl blue and Safranine-T, on chemically 

pretreated hydrous tin (IV) o:xide under varying su.rface phase pH, 

concentration, terrperature and desorbents. Reed and Rogers \109) 

observed selective adsorption of methyl and ethyl orange on tailored 

silica gel. 

So, it appears from the review above that the sorption of 

cationic dyes, although believed to be primarily an ion exchange 

. process, is rather complicated b{ many other factors such as molecular 

size, molecular geometry, dye-dye interaction, besides, of. course, the 

surface characteristics of the sorbents. Our knowledge of the physico

chemical aspects of the desorption processes of the organic dye cations . . 

from the clay surfaces by organic ions is still meagre. It· is in this 

context that an attempt has been made in the present investigation to 

study the sorption and desorption behaviours of Rhodamine B and 

Rhodamine 6G. On and from rOC»nt morillonite, kaolinite, laponite and 

monovalent~ bivalent inorganic ions and organic ions of varying size 

and shape and also an approach has been made to study comparative 

adsorption behaviour between Rhodamine B and Rhodamine 6G with 

Brilliant cresyl blue on· different aluminosilicates. 
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Ion E~chanqe Formulations 

A number of approaches, both qualitative and quantitative, 

have been made to understand the equilibria bet.ween an ion 

exchan;;Jer and the ions in solution 41). A review of cation 

e~change equations as they are being used in soils and in other 

e:xchnagers has been done by Bolt (2) .and Helfferich \3) and their 

applicability to soils discussed by Babco::::k '4 ). Experiments 

were performed in which the ionic concentrations were varied 

and the result suggested an exponential relationship between the 

ions adsorbed (or desorbed) and the concentration of the exchang

ing ions. Limitations have been tacitly accePted in most mathe-

matical treatments of exchange reactions. 

Thus (A) the simultaneous occurrence of both cation and 

anion exchange reactions in a given system has been considered 

as a rare case, (B) the exd1ange capacity to be constant, -though 

cases are known where the exchange capacity varies markedly with 

the change in pH and the nature of the e~changing ionc1 (C) simple 

stoichiometric equivalence between the ions taken up and released 

is generally assumed to be present, deviations are usually 

explained in terms of simultaneous adsorption and formation of 

complex ions, and ~D) finally the perfect reversibility exists 

in an exchange process under consideration. 
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On this basis, various formulations similar to Fruendlich 

and Langmuir's adsorPtion equations (isotherms) were proposed. 

The Fruendlich equation is emperical and can be e~pressed as 

where 1 X11 is the arrount of ·adsorbate taken up by • m' gm of 

1/n 
~ ::: k. c 
m 

adsorbent, 'lc' and •n• are constaro.ts and 1 C 11 is the adsorbate 

concentration in solution at equilibriu~ 

\'feigner. (5) used this equation in 1912. But this equation 

has two limitations, {i) it does not flatten out at higher values 

of •c• as a system of fi~ed e~change capacity should, and (ii) it 

shows that the e~change varies with variation of total volume, 

whereas We'igner .,5) showed that the position of equilibrium was 

independent of volume. Weigner and Jenny (6), however, in 1927, 

overcome the second object ion and modified the equation as 

X:::K 
iii, '_f_ 

a-c 

ljn 
) 

L- a = initial cono=ntration of the adsorbate J· 

With the variable character of two constants incorporated in 

this equation, a good agreement is often obtained with e~pericrental 

data over a limited range., However, Marshall ai;ld Gupta (7), has 

shown that it was superior as regards '1<.' but 1 varied erratically. n 
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The ~angmuir isotherm is based on sound kinetic and 

thermodynamic principles and was developed to describe the 

adsorption of gases onto solids. It assumes that only rl\Jno

molecu lar adsorption takes place, that ads'orpt;. ion is on localised 

sites, that there are no interactions between adsorbate molecules 

and that the heat of adsorption is independent of surface coverage 

When V is the equilibrium volume of the gas adsorbed per unit 

mass of adsorbent at pressure P, then 

v = vm • K.P 

1 + KP 

where K is a constant dependent on temperature, and V is the m 

volume of the gas required to give monolayer coverage of unit 

mass of adsorbent. When applied to adsorption. from solution, 

this equation takes the form {8) 

_)! 
m 

(xjm) • K .c 
max 

as• -----
1 + K .. C 

where • X' is the amount of the solute adsorbed by mass • m• of 

adsorbent, 'C' is the equilibrium solution concentration, •K• 

is a constant, and t...Ji_ ) is the monolayer capacity. 
mmax 

. By use of the reciprocal expression, the above equation 

becomes, 

1 = -<x;m> 
.1 

K. tx;m> max 

.1 
c 

1 

<x;m> 
. max 
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So a plot of 1/x/m versus 1/C should give a straight line and 

a slope of 1 ") When the Langmuir relationship holds good. 
K'x;m . max 

A similar type of equat-ion of the Langmuir's with two 

constants were proposed by Vageler ~9,10) as 

X = sa • 
a + C 

where X = amount exchange, a = electrolyte added 

s and C = constants. 

Application of the Langmuir's adsorption equation to cation 

exchange in soils was initiated by Vageler ,9) in 1932. His 

equation appears to be an erroneous attempt to restate the 

Langmuir equation in terms of amounts of the cation added to 

the sytstem rather than its concentration at equilibrium. It may 

be shown that only when the ratio of the forward and backward 

rate constants is close to unity such a restatement is acceptable 

and in all other cases it does not appear to be sound \11). 

Aside from Vageler's equation, the original Langmuir 

equation is in its simplest form useless for cation exchange, 

as it does not take into consideration the competition between 

the cationi~ species. One may, however, introduce this cornpeti-

tion effect into the Langmuir equation rather simply by using 

Kerr's (12) and Gapon's \13) equations as a starting point \2). 

However, should an ion-exchange mechanismpredominate in the 
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adsorption process, the linear forms of the Langruir and 

Fruendlich equations would not be obeyed because of coulombic 

effects in the adsorbent. Thus, in theory at least, it is 

possible to distinguish by means of different isotherm equations 

between ionic and other mechanisms of adsorPtion (14 > .. 

The ion exchange formulations are usually based on three 

theories i.e. (i) crystal lattice theoz:y 'ii) double layer 

theo~r and (iii) Donan meffibrance theory (15). The only differences 

in the various theories are the position and the origin of exchange 

sites. In all cases, this site is essentially a fixed, non-

diffusibl~ ionic grouping capable of forming an electrostatic 

bond with a small diffusible ion of opposite charge .. The case 

with which this latter ion may be replaced depends on the .strenth 

of the bond, which varies in a mann~r similar to the dissocfation 

of weak and strong electrolytes. The laws goveming the exchange 

of ions in these heterogeneous systems are analogous to the laws 

governing the solutions of electrolytes. 

Jenny (16) envisaged a kinetic condition on the surface 

and derived from statistical approach the equation below, 

w- +(S+N)±~+Nf-4sN(1-&) 
2 (1-~) 

where W = number of cations exchanged at equilibrium 

and W' ,b 

N = number of cations added initially 

S = saturation capacity 

= constants for each ion. 
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F.or similar e~change properties of the two e~changing ions, 

the above equ<3t ion reduces to 

w = SN 

S + N 

·which is quite similar to that of Vageler \9, 10). 

A more refined approach was introduced by Davis {17,18) 

and applied to e~change on soil clays by Krishnarnootty and 

Overstreet \19). J?avis considered tne probability of replacement 

of cations with different valency on a regular array of negative 

Point charges as supposed to be present on the e~changer. surface. 

Although, Davis, indicates that his treatment should apply to a 

monolayer ~n the widest sense of the word in each surface charge 

is being accompanied by one counter charge only in the adsorbed 

layer, it. appears that other assumptions inherent in the. treat

ment as, e.g., absence of anions, probabil,ity of replacement 

being based on a regular array of the position available for the 

ions, are warranted only if one considers a monolayer in a narro~ 

sense, i.e. localized monolayer. 

The first use of the law of mass action in formulating 

ion exchange as a completely reversible reaction was made by . 

Gansen \20) and Kerr \12), investigating specific mass action 

equations for ani-univalent and uni-bivalent e~changes as 
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2Y 

K 
2 

2+ 
+X -X 

+ + 2Y 

The bar indicates the ion in the exchanger phase. The constants 

K1 and K2 are termed as selectivity coefficients. The ionic 

terms represent equilibrium concentration in solution. But owing 

to the lack of knowledge about the activities of the ionic 

species in the exchan;;Jer phase, the equilibrium constaat could 

only be evaluated qualitatively or eaperically. Bauman (21) 

and Gregor {22) pointed out the difficulties in terms of swelling 

and volume change particularly of the resins. The model intro-

duced by Gregor (22) although thermodynamically less well-

established, bring out clearly the physical action of the swell-

ing pressure. A more rigorous application of the law of mass 

action has been made by Boyd and co-workers (23) in which the 

"solid solution" .;i..dea of Vanselow {24) has been the basis on 

the assumption that the ion exchange is a "solid solution" 

process. v~riselow visualizing the monolayer as an ideal two 

dimensional solid solution, assumes the activities of the two 

exchanger components to be propo~ional to their respective 

rrole-fract ions. 

In the above formulations, all the exchange sites were 

assumed to be of equal value. Doubts regarding this, were first 
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clearly expressed by ~leigner \25) and his co-workers. In order 

to explain some of their experimental data, they postulated the 

existence of loosely and firmly bound ions oa the surface of 

the s9me exchanger. Without the necessary information regarding 

the surface characteristics of the silicates which Weigner used 

for this work, he had to invoke, the idea of 'the existence of 

~icropores, edges and' cleavages. A remark should be made here 

_9n the assurred reversibility of the exchange react ion. There is 

evidence that certain exchange reactions are incompletely 

reversible. The obvious example of such a system is the adsorption 

of potassium by certain clay minerals. There steric factors 

influence the relative affinity of the clay for different cations, 

which necessitates the recognition of a range of sites with 

different relative affinity (26, 27). The fact that often the 

cationic composition in turn influences these steric factors {by 

a varying degree of collapse of the crystal lattice) suggests 

a considerable degree of hysteresis in exch~ge reaction involving 

inter-lattice sites. 

Attempts to understand ion exchange reactions on the basis 

of electrical double layer, as postulated by Mukherjee (28) yields 

no doubt qualitative results but the concept in many respects, 

conform:; better with observations .. He assu~d two categories of 

exchangeable ions, the osrrotically active ions which constit\:lte 

the mobile part of the double layer and osmotically inactive. 

ones constituting the immobile part of the double. layer. The 
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relationship of crystalline structure of clays with their 

electrochemical properties and ion exchange characteri sties has 

been studied with fundamental details by Mukherjee and Mitra 

(29), Mitra arxi Bagc~i (3o), Ganguli and Mukherjee <31) and 

Chakravarti (32). 

However, in a mOLe detailed stu~y of the exchange 

behaviour of soil materials, the monolayer model equations do 

not offer much perspective for interpretative usage. One should 

then rather use, the thermodynamic mathod of presentation as 

suggested bv. Gaines and Thomas ( 33,34). The most promising model 

for the· description of adsorPtion on external surfaces appears, 

however, to be a ~tern-Gouy double lay~r approach along With 

lines as used for the homovalent 'case by Heald et al {35) and 
\ 

further advanced by Shainberg and Kerrq;>er '(36, 37 ). Extension of 

this model to heterovalent exchange will incre.ase its cqmplexity 

considerably, as ·both the fraction of the multivalent i·ons in 

the Gouy layer and that in the Stern layer will depend on the 

valencv. The contribution of Shainberg and Kemper (3i,37) is of 

great interest as an effect to estimate the magnitude of the 

pair _ formation constants on the basis of the physical proper-

ties of the ions and presents an iff\Portant stepforward in the 

process of gaining understanding about the nature of the cation 

exchange equilibrium in clay systems. 
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Considerable progress has also be.en made bY others \38, 

39,40) in the formulation of ion e:xchan;Je equilibria on a 

rigorous and quantitative basis. Further progress must await 

new advances in the fields of concentrated solutions of simple 

electrolytes and soluble, uncrosslinked polyelectrolyte solutions 

which has been stepped by Fuoss '41), Katchaesky \42) and others. 

In the present thesis an attempt has been made to fit the 

adsorption data of two :xanthene dyes viz. Rhodamine B and 

Rhodamine 6G and one o:xyazine dye viz. Brilliant Cresy 1 blue on 

montmorillonite, kaolinite and laponite in the Langmuir equat.ion 

and the desorption data of the two :xanthene dye cations from 

their respective adsorbent cornple:xes ·by m:movalent and bivalent 

inorganic ions in the model of Pauley '43). 

Pauley_'-~ Model; 

Pauley has interpreted selectivities in ion exchange 

equilibrium in the language of a very simple model. Its essential 

feature is the electrostatic attraction bet-ween the counter ions 

and the fi:xed ionic groups. It is assumed that all the counter 

ions in the ion e:xchan;rer are found at their distance of closest 

approach to the fi:xed ionic groups. ~.qrit ing AR and BR for the 

pairs .of fi:xed ionic groups and counter ions at the distance 

of closest approach, one can split the exchange of A for B into 

two processes: 
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------:)~ A + R ••• {1) 

R + B ---7BR 

Coulomb's law (without any correction) leads to the following 

results for the above processes. 

and • ... ~4) 

0 A GO l f th where ~ G
1 

and ~ 
2 

are the fr:ee energy c1arges or e 

processes (1) and (2), e = electronic charge, f = dielectric 

constant, r = distance from the centre of the fi:xed charge, 
0 ' 

ai = distance of the closest approach between counter ion 'i' 

and fi:xed ionic group. Hence the overall free.energy change for 

the whole process is 

B 
and t:he thermodynamic equilibrium constant KA is 

. • • • (5) 
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. 2. 1 
1 K'B L:!.~o e (.-L--~) 
n A =-rr = "Rfl a'B a; ••• ~6) 

In the exchange of various univalent counterions 'i 1 for an 

arbitrary univalent refe~ence ion A, a linear relationship 
B 

should exist between In KA and . ! • 
ai 

For multivalent ions, the calculation is not quite as 

simple because assurrptions must be made as to how the 'univalent) 

fixed ionic groups and polyvalent counterions are paired. The 

model leads qualitatively to preference of the ion exchanger 

for counterion with smaller· a
0 

value and higher valency. 
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SECTION -·c 

Exchange studies and Selectivities of Clay minerals 

A true ion-exchange equilibrium is completely reversible 

and may be approached from· both side·s of the reaction equilibrium 

provided that certain conditions are observed. These conditions 

are determined by the selectivity of the ion exchanger which in 

turn is influenced by Donnan effects, specific interactions, 

steric effects, ion association and other ion-sequestering 

effects (1 ). Where these effects are large the equilibrium will 

favour one side of the reaction. Specific interactions and 

Donnan effects largely determine ion selectivity in most situa

tions. Specific interactions (e.g. hydrogen bonding, van der 

Waals forces, charge-transfer processes, etc.) can produce 

secondary·adsorption interactions on,the counterion bound by 

the exchanger. These increase the selectivity of the adsorbent 

for the adsorbed ion, and this ion is then held preferentially 

despite the presence of high concentrations of counterions in 

solution (2,3,4). Steric effects can also influence reversibility, 

as evidenced in ion trapping effects. In some systems ion-

sequestering effects (including ion-Pairing, complexing and 

precipitation) are important in determining selectivity. Generally, 

the adsorbent prefers the ion which associates least stroagly in 

solution and most strongly with the adsorbent '4). A number of 
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workers have. thoroughly _investigated the exchange properties of 

the. clay mi~erals, resins and rnolecu lar· sieves a~d their 

characteristics have been well established. The following genera-

lisations mav be made regarding the tendeqcy of a cation to 

exchange onto a negative surface. There is an incxease in 

exchangeability (a) w.ith decreasing hydrated ionic radius and 

increasing polarizability, {b) w_ith decreasi~g case of cat ion 

hydration and (c) with increasing counterion charge. 

The above criteria·, however, do not hold good. in' cases 

where sorre specific interactions take place. In accordance with 

the above observations, the order _of increasing preference of 

alkali metal ions for ion exchange onto montmorillonite {5-26), 
. . ~ + +L + +L + 

vermiculite (27) and kaolinite \28,29) is L;i LNa K LRb Cs. 
+ 

The exchange of NH 4 is complicated by phys.:Lcal adsorption of 

+ 
ammonia (30) and fi:xation of NH4 ion {31). It was observed that 

NH: is held strongly than Na+ (32) or even Rb+ (33). 

+ 
Similarly the exchange of H is also complicated due to 

its attack onto clav lattice, displacing aluminium or magnesium 

ions which may be taken up by the e:xchange sites (34,35). It was 

+ 
reported that H is apparently preferred over sore divalent 

cations in ion exchange on montmorillonite and soil-clays (13,36) 

and over caesium on vermiculite (27). The reported relative 

+L .+ + + 
orders of e:xchange on montmorillonite are H Cs . \16), K L H L 

? + + + +L 2+ 
ca- {7) and K L NH4L H M-1 (37 ). Under conditions which · 
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minimise dissolution of clay by acid attack, the corresponding 
. + + + + + 

orders were H+ L Na L K ( 10) and Na L ~ L NH4 ( 32) • The sequence 

of e:xcnange of alkaline· e·arth ions on clays has generally been 
2+ 2+ 2+ 2+ 2+ 

reported as Mg L Mn L Ca L sr L Ba 'l0,13f32,38-48), The 

reverse order is sometime found in vermiculite (45,49,50). For 

the e:xchange of divalent transition metal cations on clays, the 
.z+ 2+ 2+ z+L z+ 

reported orders of preference are Mn · ==:::. Ni :::::::::. Fe L Cp zn 'L 
cu2+ (51) ca2+Lco(II) 2+ (52) and 'Ni2+L Ba2+ (47). A generalisation 

may be made from studies comparing the e::xchange of mono, di and 

trivalent cations on clays· that there is a preference for cat ions 

of higher charge (37,7,11,13,16~17,36,40,44-46,52-57) although 

there is excePtion to this trend. In the usual general purpose 

cat ion exchangers, the selectivity sequence of the most common 

cations is Ba2+~ Pb2+) sr2+) ca2+) Ni 2+) Cd
2+) cu

2
+) Co2+> zn

2+) 
+ + + + +' + + + 

. m;J2+) Uo~+)Tl ) l\g ) Cs ) Rb ) K ) NH
4

) Na )'Li (58-61). 

Under suitable conditions~ most organic cations are 

capable of replacing the interlayer inorganic cations, occupying 

e::xchange sites in bentonite, vermiculite and illite minerals. 

The e::xchange reaction is stoicheiometric except for some 

bulky cat ions when a cover-up effect \62) may operate. Studies 

on the replacertent of e::xchangeable sodium and calcium from 

montmorillonite by various alkyl ammonium cations were made by 

Theng et al (6~). They found that the affinity of the clay for 

the organic cat ions was linearly related to molecular weight with 

the exception of the smaller methyl ammonium and larger quaternary 
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ammonium ions .. Thus, the more the length of the alkyl ammonium 

chain increases, the greater is the contribution of physical, 

non-coulombic forces to adsorption. Within a group of primar.y, 

seconda:z:y and tertiaJ:y amines, the affinity of the alky 1 ammonium 

+ +) + 
ions for the clay decreased in the series R

3
NH >. R2 NH 2· RNH3 • 

These differences were e2<Plained in terms of size and shape of 

+ 
the ions. Theng et al also noted that Na was much more easily 

2+ 
exchcnged bv the alkyl ammonium ions than was Ca • In studies 

in which the alkyl ammonium ion is. replaced by metal cations, 

Mort land and Barake ( 64) showed that. the order of effectiveness 
3+ 2+ 2+ 

in replac·ing ethy !ammonium ion was Al ) Ca ) Li • Furthermore, 

X-ray diffraction studies on partially exchanged systems revealed 

that the organic and inorganic cations were not distributed 

uniformly throughout·all the surfaces of montmorillonite, but 

that a segregat;.ion of the two kinds of ions took place in various 

layers. This suggests that when the displacement of ethylammonium 

ion by the metal ion .from one interlamellar position begings, it 

is completed before ethylammonium ions from other layers are 

exchanged. Similar observations.have been reported by Barrer and 

Brum~r (65 ), McBride and l"lortland '66) and Theng et al {63). The 

exchange of' various alkylammonium cations from aqueous solution 

by Na-Lapc:mite has been carried out by Vansant and Peeters (67). 

They observed that the affinity of these organic cat ions was 

linearly· related to molecular weight, molecular size or chain 

length of the alkylammonium ions. The affinity sequence has been 
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attributed to the increasing contribution of van der Waals force 

to adsorption ·energy as the size of the ions increases (68} and 

also to the d1ange in hydration state of the ions in the clay 

interlayer '69,70). 

Charge density of the clay mineral may also affect the 

orientation o~ adsorbed organic cations through steric effects. 

Thus, Serratosa (71) showed by infra red absorption technique 

that in Pyridinium montln)rillonite, the organic cation assumed an 

orientation where the plane of the pyridine ring was parallel 

with the platelets of the clay mineral and a resulting d 001 spacing 
0 

of 12·5 A • On the ot·her hand, pyridinium..vermiculite has the 

Pyridinium cations vertically positioned with respect to the clay 
- 0 

platelets and a d
001 

spacing of 13.8 A • Apparently, the close 

proximity of the cation exchange sites one .to another prevents 

the Pyridinium ring from assuming the parallel position because 

of the restricted area permitted for each pyr:idinium unit. When 

neutral but polar organic molecules are bound to the clay surface 

by other mechanisms, such as ion-dipole interaction, charge 

density would also be exPeot.ed to affect their orientation within 

the interlamellar regions of swelling clay minerals. It is apparent 

from the review above that the exchange properties of clay minerals 

have been thoroughly studied by a nultt>er of workers and their 

characteristics have been well established. The more important 

characteristics are ; 
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·(i) The observations of the lyotropic series thot.gh 

exceptions are _often observed. 

(ii) Obedience to the Langmuir equation of the data on 

exchange sorption of large oDganic molecules (specially 

the ,dye· molecules). A simple equivalent fraction 

exchcnge equation has been proposed to fit in the 
+ + z+ 

exchange data of Na , K , Ca on bentonite (72) at 

~~- 0.5 'M) and l.O(M). external salt concentration .. 
-,' 

(iii) Formulation of selectivity coefficient• 

Exchange rreasurements can be written in a general way as 

follows • 

-;l 
I , 

Where the bar denotes the species in in the,adsorbed phase and 

z 1 , z
2 

and the valencies of A and B ·respectively. 

From the above equation, the selectivity coefficient is 

e:xpressed as follows; 

~-
. \ 

The measurement of selectivity coefficient and the obedience of 

Langmuir's equation are n~t, h~wever, exclusive of one another. 
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All these studies are confined to the replacement of one 

inorganic cation for another. There is very little work on 

exchange reactions involving two organic cations. The exchange 

of a large o:r:ganic cation for another organic cation on ~nt

morillonite had been reported by McAtee '73). Since·the organa

mont roori llonite is org anophilic and hydrophobic, the exch ~nge 

was carried out in an isooctane isoproPyl alcohol mi:xture.' It 

was found that under the condition of the e:xperiment upt o 16 

per cent of dimethylbe·nzyllauryl ammonium cation can be replaced 

from montmorillonite w.ith dimethyldioctadecyl ammonium cation. 

De, Das Kanungo and Chakravarti (74-77) have shown that cationic 

dyes e.g. methylene blue, crystal violet, and malachite green 

adsorbed onto bentonite, vermiculite, kaolinite arx:l asbestos can 

be exchanged by long-chain surface_active ions like cetyltrimethyl 

ammonium and cety~ pyridinium ions. In the present work, desorp-

tion of two xanthene dyes viz. Rhodamine B and Rhodamine 6G has 

also been studied with tetraalkyl ammonium and long-chain surface 

active ions of varying size and shape. 
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CHAPTER - II 

Scope and Object of Work 

In spite of the wide occurrence and practical applications, 

adsorption at the int·erface between the suspended particles of 

aluminosilicates and an aqueous solution of Cationic dyes still 

presents one of the complicated problems in surface ChemiStJ:Y. 

It. is in this context that an attempt has been made to study 

the Physico-Cl:lemical aspects on t!Jle interact ion of different 

cationic dyes with clay minerals and allied aluminosilicates. 

The term interact ion has been applied to ['lEan mainly the sorption 

and desorPtion phenomena along with other effects as may accrue 

from or be related to them. In studies of clay-dye interact ion 

adsorption data·will be meaningful only when both adsorbates 

and adsorbents are well characterized. small organic cations 

are seen t 0 be tcken up by aluminosilicates upto the extent 

corresponding to cation exchange capacity while large ions may 

be adsorbed in excess bein:J held up by van der Wqal' s andjor 

hydrophobic forces; It has been observed that the sorption of 

organic molecu-les takes place on the surface of aluminosilicates 

of the fixed lattice group. viz. kaolinite when they penetrate 

between the unit layer of montmorillonite or the clays of the 

expanding lattice group. This complic·ated process of interaction 

of organic ions with clays is accompanied ·by significant variation 

of properties of the solid which needs thDrough investigation in 
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anv attemPt to interpret the data on equilibrium and also to 

explain different types of adsorptive forces involved such as 

{1) Chemisorption <2> Ion-exchange (3) Hydrogen bond <4) Hydro-

phobic bonding (5) van der Waa1 1 s forces, etc. Several approaches 

both qualitative arid quantitative have been made to understand 

the equilibria between ion-exchangers and solution. 

DY,e desorption measurements were used by earlier workers 

mainly to estimate the surface areas and c.e.c. of the adsorbentse 

Not always could satisfactory results be obtained. A proper 

JcncMledge of the interaction of the adsorbate \-lith adsorbent was 

laclcing in most of the studies, unless this is known in ·reasonable 

details~ an aPpreciation of the adsorption measurements may be 

diffic.ult. It is therefore appropriate to carr-..1 out systematic 

study of sorption phenomenon for which adsorpbates of known 

structures and adsorbents with \'lell defined surface character is-

tics would be most convenient. The clay minerals mont~rillonite, 

kaolinite and laponite 4a synthetic trioct ahedra.l hector;ite) used 

in the present study provide r~re or less known features. 

Rhodamine B and Rhodamine 6G t.xanthene series),Brilliant 

cresy 1 blue (oJtazine series) are dye compounds of known structures 

used in the present investigation as adsorbates. Some basic 

dat. a regarding these dyes are known .. Being structurally similar 

with like charge delocalisat ion the two Xanthene dyes differ 

from each other only in the position of allcyl substituents, v>Jhereas 
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o~azine dve differs in structure and ~~lecular weight from the 

xanthane dyes. As such, it is an excellent opportunity to study 

the effect of shape and size of the adsorbate on sorption and 

desorption phenomena as well as to con\)are the sorption behaviour 

of xanthane dve_s with that of an oxazine. 

The main object of the present investigation is to study 

in fundarrental detail the Physico-chemical aspects of ion 

exchange equilibrium of the above dye cations onto the exchangers 

mentioned in the preceding paragraph with a view to d~rive sorre 

in sight into the factors that govern and influence the exchange 

processes. For this purpose, the study of interaction has been 

approached from three different angles • sorption-desorption 

forrning the main bulk of the thesis, heat of adsorPtion and the 

met.achromat ic behaviour of the dye spectra due to adsorption. 

The adsorption isotherms have been studied and analysed in the 

light of Langmuir equation for Rh9damine B, Rhodamine 6G and 

Brilliant cresvl. Blue on the adsorbents mentioned above. :Further, 

in order to investigate the influence of the type of clay 

mineral on ion exchange behaviour, natural and synthetic clays 

having ·widely different structural characteristics, charge 

densities and SlrJelling properties have been chosen. .i\lthough 

large amount of work is recorded in the literature on the 

. adsorption of dyes on clay minerals, the desorption characteris-

tics of the dves have not been studied thoroughly with different 

inorganic and organic ions by pr~vious '\vorl<.ers. So the desorption 
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of Rhodamine B and Rhodamine 6G from their respective clay 

complexes have been studied with monovalent, divalent inorganic 

ions as well as with tetraa·lkyl amllbnium and long chain surface 

active ions of varving sizes in order to acquire a better 

knowledge of the nature of adsorbate-adsorbent interaction 

relative strength of binding of the adsorbents, cation specifi-

city·etc. Such studies also reveal the extent of extractiDility 

. of the dye cation from the adsorbent surfaces from which we 

can have an idea of the affinity of the ions for the minerals 

vis-a-vis the relative desorbing efficiency of the ions with 

size, shape and charge of the ions. An attempt has also been 

made to. analyse the desorPtion data obtained with the inorganic 

ions in the electrostatic model of Pauley. There exists suffi

cient scope for a further use of these experirrental data to 

test and develop different existing theoretical models and 

equations, describing ion-exchange equilibria. 

The heats of adsorption of selected :xanthane dyes .onto 

montmorillonite and kaolinite have been calculated from measure-

ment of adsorption at three different temperatures. This para-

meter provides useful information for the intez:pretation of the 

adsorption process and on the strength of bonding of the adsorbed 

species with the adsorbent surf ace. 

In vi~ of the conflicting theories reported in literature 

about the causes of metachromasy when cationic dyes are sorbed 
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onto clay minerals, the present study has been carried out to 

throw further light in this area by investigating the spectral 

behaviour of selected dyes exchanged onto montmorillonite, 

kaolinite and laponite. ~ray diffraction data have been used 

to supplerrent the observations. This study may lead to. an 

important insight into the rtechanism of the interaction between 

the adsorbate and the adsorbent. The correlation of the spectral 

shifts with the surface concentration may be an interesting 
aJ.SO 

study. A direct determination of surface concentration may.l\be 

possible, from which the surface area of the substrate can be 

easily derived· 



CHAPTER II:I 

ExPERIMENTAL 

SECTION - A 

Three cationic dyes viz. Rhodamine B and Rhodamine 6G 

of Xantpene series and Brilliant cresyl blue (oxazine series) 

were chosen for the present ~rk. 

The description of the above mentioned dyes are being 

summarised in the following table (1). 

.··;· 

·sample 

1. Rhodamine B 

2. Rhoda mine 6G 

3. Brilliant· 
Cresyl Blue 

Table 1 

Symbol Description 
used 

'Fa Brown ccyst als 
hygroscopic 

RG Reddish brown 
ccystal hygroscopic 

BB Dark blue crystal 
hygroscopic 

Preparation of Pure Dye 

(a) Recrystallisation of Rhodamine B. 

Source 

Merck. 

Merck 

The British 
Drug House, 
England 

Rhodamine B chloride was purified by adding' slowly with 

stirring about ten volumes of anhydrous ether to a saturated 

solution of the dye in absolute ethanol~ It precipitated in 
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the form of golden g~een flakes. The process was repeated and 

the filtered solution was washed with ether and air dried. The 

structure of Rhodamine B is 

(b) Recrystallisation Rhodamine 6G 

.+/SHs 
N"'-

C2H5 

·CI-

The Rhodamine 6G was obtained from l'-1erck. It was twice 

recrystallised from ethanol and dried in a vacuum oven. The 

structure of Rhodamine 6G is 

.. 
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(c) Recrystallisation of Brilliant Cresyl Blue 

The dye Brilliant Cresyl Blue was purified by repeated 

cJ:ystallisation from ethanol ; water (l;l·v;v) mi:xture. and 
0 

dried at 80 for 24 hrs. The homogeneity of the samples was 

tested chromatographically. 

The structure of Brilliant Cresyl Blue is : 

Preparation of Stock Solutio!!.._2~e Dy:es:. 

Stock solutions of RB, RG and BB were prepared by 

accurately weighing vacuum dried samples of the dyes and 

dissolving them in distilled water upto a definite volume. 

The concentration of these stock solutions, stored in poly
. 3 

proPylene bottles, was of the order of 10- (M) and counter-

checked through estimation by Ascorbornetric Titration (1). 

Ascorbometric Titration of Dyes: 
~~----~~~-~--------------~--

2 ml of dye solution was mi:xed with 2 ml of 4 (M} HCl 

in a glass vessel and kept in water bath at 7o 0 c, co2 was 

Passed into the solution to prevent aerial o:xidation. The dye 
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solution was treated with standard ascorbic acid solution 
-2 

of the order of 10 'M) and the course of titration followed 

potentiometrically with Pt. indicator electrode. At the 

equivalent point the dye lost its colour and the potential 

attained a constant value. 
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S.ECTION - B 

The alumino-silicates used for the interaction with 

the Cationic dyes discussed above, are described below in 

Table (2 ). 

Sample 

!gble 2. 

Description *Cation 
exchange 
capacity 
meqjlOOg 

Source 

·---------------------------------------·----------------------------
1. Mont rrorillonite Light grey 

powder 

z.Kaolinite 

3. Laponite, XLG 

White powder .5.4~ 

'lilh ite powder 88 "lt-*" 

t- Determined bv BaC12 - Ba\OH >2 method 

""*"" Reported .from source. 

Evpns Medical Ltd., 
Liverpool, England 

BDH, England 

Supplied by Laponite 
Industrie~ Ltd., 
Eng land, as gif~. 

The clay fractions of minerals 1 and 2 having particle 

size L 2 .. 00 m;U· "tvere isolated by th_e usual ~rethod of dispersion 

and traction by sedimentation. The fractions so collected 

were then treated several times with dilute HCl and after 

removal of acid, warmed with 6% ·H2 o to remove trace of any 
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organic matter present. E:xcess H
2
o2 was decomposed by heating 

the samples over water bath •. The iron present in the clay . 

minerals was then removed by treating the clay sample with 

sodium metabisulphide and sodium dithionite in acetate.buffer 
0 

. solution ( p;:-::::: S) at 60 C followed by centrifugation, washing 

etc. as recommended by Bromfield '2). Finally the clay residues 

were washed to dispersion and dialysed. The clay suspension 

was then converted into Na-form by stirring an approximately 

2 per cent suspension of the clay with ion-exchange resin 

(Dowex SOW x 8). in the Na-form for about four hour.s. The process 

was repeated once again to ensure complete conversion of the 

clay mineral to Na-form. Na-clays (pi 7) so formed weret;u•sed 

for adsorption and desorption studies. 

Preparation of Na-laponite~ 

The synthetic hectorite clay used in this investigation 

was Na-laponite XLG. To ensure complete saturation with 

sodium, the Na-laponite was brought into dialysis bags and 

washed several times with l(N) NaCl solutions, before dialysing 

against distilled water until free of chloride. 

Adsorption Studies• 

lo. ml portions of the suspensions of known clay con-

tent, were pipet.ted into separate stoppered polypropylene 

bottles (3) and dye solution of known concentration, was added 

in increasing alit>Unt. The total volume was brought to 20 ml by 

quantitatively adding the necessary amount of distilled water. 

The bottles, with their contents, were shaken for three hours 
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and allowed to stand for at least 24 hours to attain e~change 

equilibrium. E~periments with several days equilibriation 

produ:Jed the sarre results indicating that 24 hours were 

sufficient for attaining equilibrium. The resulting e~changed 

clays were then centrifuged '10,000 r.p.m.) for 10 minutes or 

so, and the supernatant liqui.ds were analysed spectrophoto

metrically using spekol of Carl Zeiss. From the difference 

between the initial concentration and the equilibrium ·concen-

tration, the amount adsorbed was determined. All operations 

were carried out at constant room temperature. 

The clay content of the suspension was measured by 

evaporating a known volume of the clay suspension to d:z:yness 

0 ·0 
at 100 c to 105 C in an·air oven. The contents expressed in 

g/100 ml are given in Table 3. 

Table 3 ---
-----------------------------------------------------------------~------

Sample Clay content in gjlOO ml 

1. .Na-rnont morillonit e l.o 

2· Na-Kaolinite o.7o 

3. Na-Laponi te 0.,722 
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Desorption Studies' 
----~-------------

For stu<:}ying desorption,. the clay mineral suspensions. 

were mixed with dye solution of such a concentration that 
. 5 

the equilibrium concentration was maintained at 1 x 10- · 'M) 

or so to ensure monomer sorption '4) as far as possible. The 

mixtures were shaken for four hours and allowed to equilibrate 

ove~night at constant temperatures. The excess dye was washed 

off with distilled water by repeated centrifugation of the 

clay-dye. complex till the leachate gave zero optica·l density. 

The resulting clay dye compl.ex was then resuspended in distilled 

water and used for desorption studies. The percentages of .colloid 

contents of the suspensions were deterrnined by d:tying a known 
0 

a!llount of each at 100 C to constant t>Jeights, and· are given in 

Table 4. 

For the purpose of desorf>tion studies, 10 ml portions 

of the suspension were taken in a number of stoppered poly

proPylene bottles and varying_amounts of different electrolytes 

were addede The total volumes were adjusted to 30 ml by quanti-

tatively adding requisite amounts of distilled water. The bottles~ 

with their contents, were shaken for four hours and kept over-

night to equilibrate. vreliminary· studies showed that this 

period was sufficient for the purpose. The mixtures were then 

centriljuged (loo,ooo r.p.m.) for 15 minutes or so arid the dye 
' .. · 

content of the clear centrifugate was estimated spectrophoto-

metrically as described earlier. 
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Table 4 

---------------------------------------·---------------------------------

1. 

2· 

3. 

4. 

5. 

6. 

sample 

Na-montmorillonite-RG 

Na-mont tlbrillonite-RB 

Na-Kaolinite-RG 

N a-Kaolinit'e-RB 

Na-Laponite RG 

Na~Laponite RB 

Content 

o. 112. 

G. a lOS 

0.132 

0.1281 

o.oa 

0.114 

The clay content is different from eao~ sample. It is known 
however, that· the difference does not affect the exchange 
reactions to a great extent '5) · 

Of the various electrolytes used in the desorption 

studies, LiCl, NaCl, KCl, NH4Cl, RbCl and CsCl were of E. 

Merclt quality ' cetyl Pyridium Bromide \cPBr), · Cetyltrimethyl 

ammonium bromide (CTMABr), dodecy lpyridinium bromide \DDl?Br), 

dodecy ltrimethy.lammonium bromide (DDTMABr) were of BDH-AR 
' . 

quality. Standard solution ~f these electrolytes were prepared 

by direct weighihg of vacuum dried salts. Tetramethyl ammonium 

. Bromide (TMABr), tetraethyl ammonium Bromide (TEABr), tetra

propyl ammonium Bromide (TPABr), and tetrabutyl ammonium 
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Bromide (TBABr) were all of "Fluka11 (Switzerland products). 

These were standardized by titration with AgN03 of E. Merck 

quality using potassium chromate as indicator. 

MJC12 and CaC12 solutions were prepared with BDH. 

AR quality samples were standardized by ·ED'rA titration, 

using Eriochrome Black T ·as indicator and the concentTat ion 

of sre12 and BaC1
2 

prepared with i\.R. quality samples were 

determined by 'precipitating as sulphates. 

Spectrophotometric Study of Dye aggregation 

On clav surface: 

Varying amoun~s pf increasing percentage of clays 

were added to a definite volume of a fiJ<ed concentration of dye. 

These were shaken and the spectra of the mixtures were recorded 

in Graphicord Model No. UV-240, double beam uv-vis Spectre~ 

photometer (Shimadzu, Japan), using ce,ll of 1 em and 1 mm path 

in the visible region. The spectra were taken within 15-20 

minutes after the preparation of the clay-dye suspensions to 

eliminate ~heeffects of flucculations due to aging on the 

intensities of adsorption bands (6). 

X-ray measurements: 

For preparing clay-dye complex at different percentage 

of saturation, appropriate amounts of selected dyes were added 

to Na-rnontmorillonite suspension, equilibrated and centrifuged 
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several times to wash off the excess dye. The samples. were 

0 
then allowed for drying in an air oven at 120 c, then gently 

grounded with a mortar and pestle and stored in a vacuum 

dessicator over silica gel. The X-ray diffraction study of 

the finely powdered samples containing different clay-dye 

complexes and Na-montmorillonite clay. alone (dried as per 

above method) was carried out at the .Department of Physics, 

College of Engineering, Anna University, Madras, using Philips, 

PW-1010, .x-ray Diffractometer with cuK.,c radiation at -25 KV 

and 20 rnA. 

Infrared Analvsis 

The infrared analysis of different clays was·carried 

out in our own laboratory with Beckman IR-20 Spectrophotometer 

using KBr pellete. Spectra of dyes and clay-dye complexes were 

recorded with KBr pe llete at North Hill University, Shillong, 

Neghalay ~sing instrument of l?erkin Elmer, Model No. 297. 

Effect of temperat~~ on Adsorption 

Adsorption experiments' as described earlier were made 

in thermostatic shaker, at three different teroperatures. The 

results are discussed in Chapter VII. 
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~~ment of concentration of the dy~ 

Quantity o~ adsorbed or exchanged dyes onto a clay from 

an aqueous solution was measured by determining with Graphicord, 

. Model No. UV-240, double. beam UV-VIS Spectrophotometer (Shimadzu, 

Japan) using cell of 1 em path in the visible region, the 

.amounts remaining in solution. In case of dimerisation of t.he 

dyes (Bergman and O'Konski, 1963) -at higher concentration 

and salting out effect of the electrolytes at higher concen

tration, this r:reasu.rement l,dll be complicated. Beer• s iaw was 

found through trial run to be applicable within 5% error at 
-6 -6 

concentration below 8 :x 10 \tvl) for RB, 9 x 10 (M:) for RG 

-6 
and 6 :x 10 (M) for BB. The measurements were made at wave 

lengths which shoWed maximum absorptions (c£ -peaks) which. 

were 525 nm for RG, 552 nm for RB, 640 nm for BB. Salt effects 

· 1J-Jere noticed for electrolyte concentrations above o. 5 \M). The 

absorption of these dy~s by glass was another possible source 

of error. Hence the following measures were considered in carry

ing out adsorption and desorption studies of dyes. 

(1) Polypropylene containers were used all along in 

carrying out the various experiments (3 ). 

(2 ). The readings in Spectrophotomster were taken always 

after adequate dilution of the experimental solutions. 
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~T.ER IV 

Sorption and desorption and Rhodamine B and Rhodamine 6G 

on and from Na-montmorillonite System 

Most of the work concerning sorpt.ion and desorption 

on clay minerals have been performed with montmorillonite . 

'because of its high exchange capacity and other interesting 

surface properties it exhibits. The uptake of a large amount 

of gases by mont rtbrillonite-organic derivatives, due to the 

open~ng of their interlamellar spacings, has been shown by 

Barrer and his co-workers Cl). The sedimentation volume and 

zeta potential measurements by Chakravarti' (2) have shown that 

the maximum sedircentation volumes of Aquagel (montmorillonite) 

recorded by addition of quaternary ammonium salts, is obtained . . . 
When the salt added is 75 to 80% of the base exchange capacity 

of the clay. Organic derivatives of montmorillonite exhibit 

organophilic characteristics and also water proofness, as 

observed by uptake of tolnenejwater '3). In the context of 

the interaction with the organic substances the sorption and 

desorption characteristics of large dye molecules on and 

from-the surface of montmorillonite are likely to be of interest. 

A· mont flbrillonit e ·clay has been f,ound advantageous £or 

the investigation on the· so~tion and desorption of RG and 

RB due to its high exchange capacity and other interesting 
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surface properties. The sorption and desorption characteristics 

of RG and RB on and from Na-montmorillonite are discussed 

below e 

The characteristics of sorption are presented in 

Section A and those of desorption in Section B. The experimental 

procedures for the studies of sorption and desorption have been 

described earlier (page 50-54~1 Chapter III). The· clay used 

for this study was essentially pure montmorillonite as confirmed 

by' X-ray diffraction analysis. Also in section A, X-ray 

diffraction and Infrared studies of cationic dyes exchanged 

Na-montmorillonite has been discussed. 



SECTION - A 

Studies on Sorption 

Sorption of Rhodamine 6G on Na-mont morillonite at pH 7 • 

The adsorption isotherm of RG on Na-mont morillonite 

at pH 7, and the corresponding reciprocal Langmuir plot is 

shown in Fig. la. The isotherm is of the H-type or high 

affinity class of Giles et al <4} and is indicative of species 

adsorbed flat on the surface. An H-type curve is a special 

case ·of the L-type, C?USed by a very high solutejsubstr~te 

interaction. The adsorption data are seen to fit into the 

linear form of the Langmuir adsorption equation. Accordingly 

the plot of c;x vs C where C is the equilibrium concentration 
' 

of RG and x is the amount adsorbed in meq: per 100 gm of Na

clay, yields a good straight line (Fig. lb) .. From the slope 

of the. line, the value of Vm (the amount required to form a 

complete monolayer) is found to be 107 meqjlOOg, as against 

the c.e.c. of montrtOrillonite 86 meq/lOOg. The maximum amount 

of the dye adsorbed corresponding to the flat portion of the 

isotherm is 105 meqjlOOg. The excess uptake may be explained 

~r assuming multilayer formation of the adsorbed dye .molecules 

due to dye-dye interact ion and sorption of aggregated cat ions (5) 

onto the montmorillonite surfaces. Since the dye·molecules are 

not staggered and can approach each other close enough, the 

adsorption of· the dyes on montmorillonite probably imp&rts 

greater mobility to bring them in optimum proximity and proper 
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orientation for micellisat ion. Besides, intercalation of the 

unionised dy~ molecules may·also. take place to ac~ount for the 

sorption beyond c.e.c. A similar observation was made by De· 
. . 

et al (6) in their work on methylene blue, Crystal violet and 

malachite green. It is believed that the adsorption is mostly 

due to ionic and van der Waals forces upto the cation exchange 

capacity of the mineral and due solely to van der 'li~aals forces 

beyond it. 

The calculated Langmuir bonding constants of RG 

obtained from the slope and intercept of the linear plot is 

5 -1 
equal to 2·33 :x 10 M • It should be pointed out that when 

adsorption is in e:xcess of ·c.e.c. due to sorption of aggregated 

dve species, the original rreani!lg of the calculated V m and the 

Langmuir bonding constant is somewhat altered. Nevertheless, 

the latter parameter still gives some idea about the relative 

bonding strengths of adsorbents sorbeq onto a particular 

substrate. 

The sorption of dye molecules at. low concentrations is 

almost complete, a strong adsorption of RG cations by Na-

mOntmorillonite being thus indicated. 

~tion of Rhodam~B on Na-montmorillonite at pH 7 

The adsorption isotherm of RG is like that of RG 

adsorption and is initially sharp due to strong affinity of 
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the dye for the montmorillonite surface (Fig. 8). The value of 

Vm calculated from the slope of the linear graph of C/x against 

C is 96 meqjlOOg. This is equal to the maximum of the adsorption 

isotherm and is also higher than the c. e. c. of Na-montmorillonite 

(86 meqjlOOg). The excess uptake may be on account of the 

sorption of the aggregated dye cations, micellisation of the· 

dye cation on the surface of the mineral and the intercalation 

of the unionised dye molecules in the interlamellar spaces. 

The value of the Langmuir bond·ing constant computed from the 

5 -1 
. linear plot is equal to 3.45 x 10 M 

It has been noted ~arlier that the c.e.c. of Na-

montmorillonite is 86 meqjlOOg while the maximum adsorption of 

-4 
RG and RB onto the clay at 1.5 x 10 M equilibrium concentration 

of the dyes are 105 and 92 meqj.lOOg respectively, which may be 

attributed to the shape and size of organic dye .molecules 

resulting from the positional difference of alky 1 substituents 

in two dyes. In general however, the adsorption of organic 

compounds increases with size of the ionsin smectite due to 

increased contribution of van der Waals forces to adsorption 

energy (7, 8). This behaviour may also be attributed to the 

fact that the dimerisation or the aggregation tendency of RG 

is higher than that of RB at any specific value of concentration 

in solution and also in the adsorbed clay phase. As a consequnce 
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when adsorPtion takes place from their solutions RG is 

adsorbed with larger fraction of the aggregates than that of 

RB at any particular concentration, thus accounting for higher 

adsorption of RG. In fact the monomerdimer dissociation constant 

of RG and RB in aqueous medium determined by observed absorbance 

-4 -4 
are 5. 9 :x 10 and 6. 8 :x 10 ·\ 9) respectively, which is in 

agreement with the above e:xplanation. 
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+ + 
~ray diffraction studies on RG and RB e~changed 

Na-montmorillonite. 

X-ray diffraction data has been obtained following the 

rrethod given in Chapter - III, page 54 for different percentage 

of clav-dye saturated comple~ and clay itself. It indicates 

that the dye cat ion is intercalated by Na-montmorillonite. 

From the e~per irrental results (Table 5) it is found that the 

d' basal spacings of Na-montmorillonite 'Fig. 15) and 25%, 
001 

So%, 75% and 100% RG - e~changed Na-montrnorillonite (Fig. 16, 
0 

17) after heating at 120 , show pra;Jressive i~terlay~r penetra-

tion of the dye wi~h sorption. Similarly gradual intercalation 

of RB dye with sorption is found for 25%, 50%1 75%, 100% 

RB.- e~changed Nq-montmorillonite (Fig. 18, 19) after heatingo.,t 
0 

120 • Upto certain degree of saturation viz. 50%, a monolayer 

. of RG and RB is form=d in the interlayer space with the aromatic 

ring parallel to-the aluminosilicate layer {10). At this stage 

there is no possibility for any kind of aggregation of the 

dye cations in the interlayer spacee With large amounts of 

RG and RB, basal spacings data indicate::;. the presence of 

multilayer or tilting of the cat.ionic dyes relative to the 

aluminosilicate layer (10). Under such conditions it may be 

possible that the interlayer space is populated by aggregates 

of the ca'lz ionic dyes. 
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I f d S 1 Stud~es on o.G+ and RB+ e~changed Na-n rare pectra ... ~ 

montmorillonite. 

The infrared spectra of Na-montmorillonite, RG, RB, 

100"/o RG. - exchanged and 100"'~ RB - exchanged Na-montmori llonite 

are represented in Fig. 20-24) respectively. The infrared 

::;pectra haVe-been recorded following the method given in 

ChaPter - III, page 55. The infrared spectrum of RG 'Fig. 21) 

shows the characteristic ring vibration band at 1580 cm-
1 

-1 
which has been shifted to 1610 em in case of 100% RG -

exchanged Na-montmoril1onite (Fig. 23). This type of shifting 

of t·he band may be attributed to the aggregation of the cationic 

dye in the inter1aver space \11). In case of RB CFig. 22) 
-1 

however, this band appears at 1602 em which has been shifted 

-1 
to 15 90 em (Fig. 2 4 ) • 
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SECTION - B 

Desorption Studies 

The desorption of the dyes from the clay comple~es 

shows the extent to which. the dyes are replaceable from the 

clay matrics a.'1d also the selectivities· of different ions in 

the process. For the study of desorption process the experi-

mental procedures have been described earlier. 'page 52, 

Chapter -III). 

Desorption of Rhodamine 6G~ 

The results of de~orption of RG from Na-montmorillonite 

RG corrple~ by inorganic and organic ions are given in Figs. 2-

6. 

l:..dsorption of RG on montmorillonite is known to proceed 

through ion exchange pr~ess (12). So it is possible-that 

desorption should also be an ion exchange process. Accordingly 

an exchange equilibrium, 

may be assumed where D stands for the dye, the bar denotes 

the species in the clay phase· and z is the valency of the 

desorbing ion i. The selectivity coefficient is given by 
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where the bracket means the concentration of the enclosed 

. substances. 
i 

The concentration used to calculate ~ are expressed 

-3 
in molesjdm for the liquid pha~e. Since the values of the 

activitv coefficient of Rhodamine ions are not available in 

literature, the concentrations of the ions have been employed 

in the present work to calculate the selectivity coefficients 

and so, the values are somewhat approximate. 

The distribution coefficients have been calculated 

according to the equation 

m· 
'}. ·- 1 /,1-m; 

where mi and mi are the molal concentrations of the species i 

in the solid and liquid phases respectively. 

The values of distribution coefficients and selectivity 

coefficients as obtained by using the above relations for RG 

are given in Table 6. 

The selectivity coefficient is a measure of the 

preference of the de sorbing species i with respect to the dye 

for the mineral surface. If the value is less than 18 o, the 
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·species i has smaller affinity for the clay surface than the 

·dye. If it is greater than 1.0, wlhich is very rarely observed, 

both the species will have equal affinities for the exchanger. 

It is, however, not a constant quantity and varies with the 

concentration of the species. 

The values of the selectivity coefficient of the 

desorbing inorganic ions are less than 1.0 suggesting that 

RG ions are much preferred by montmorillonite to the monovalent 

and divalent ions. By reasons of their comparatively small 

sizes, these ions are unable to dislodge the sorbed dye ion·s 

from the clay matrix effectively. The selectivity coefficients 

of the inorganic ions 
+ + + 

+ + 
may be placed in the order ' N a L Li .~ 

K+ L l\lli L Rb L Cs 
4 

for the m::movalent cations and Mg
2+L Ca 

2~ 
2+/. 2+ 

Sr t:..- Ba for the bivalent cations. The selectivity reversal 

Ll
.+ + 

of and Na.; a deviation from the general Lyotrope series, 

is to be noted. However, this similarity has also been noticed 

by Gieseking and Jenny \13) on putnam clay \beidellite) and 

Das Xanungo and Chakravarti (14) in the desorption of Mg 2+ 

ions from l".q-bentonite .. 

The distribution and selectivity coefficients of the 

monovalent organic ionsare in the sequence; Tetrabutyl ammonium 
+ + . . + 

(TBA )) tetrapropy-1 ammonium (TP#\ >>tetraethyl ammonium (TEl\ >) 

tetramethyl· ammonium (TMA+) for the tetraalkyl ammonium halides 

.and cetyepy-ridinium (cP+)> Cetyltrimethyl ammonium. (CTMA+)) 

+ 
dodecvl Pyridinium (DDP >) dodecyl trimethyl ammonium 'DDTMA+) 
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for the long-chain surface active agents. It has been found 

that large organic cat ions are of greater efficiency than that 

of the inorganic ions in desorbing RG from its Na-roontmorillonite 

complex. The selectivity coefficient with most of the desorbing 

organic ions are greater than unity, the preference of these 

ions to the dye cation by the clay surface being thus indicated. 

The exchapge isotherms of RG from its Na-montmorillonite 

complex by various organic ions are shown in Figs. 4,5,6. It 

is found that in each case the extent of deso:rption increases 

with chain length _of the organic ions, this may be due to the 

increased contribution of van der Waals forces to the adsorption 

energy (7,8) as well as to the change in. the hydration status 

of the ions in the clay interlayer. Such exchange behaviour 

would, however, be expected for a flat orient at ion of the ions 

at the clay surface as van der Waals type o£ interactions are 

additive and therefore would increase with the size of the 

interacting species. It is interesting that the extent of the 

dye. released from the clay matrix is higher with comparatively 

+ + + 
smal~er \C 4H9 >

4
N. ions than with the larger CP or CTA •. This 

can be explained from the covering u.p effect of some of the 

excharge sites by the larger surface active ions ·lying flat 
+ 

on the surface '15) and .consequently a fraction of RG initially 

adsorbed by the clay remaining unavailable for .exchange. Further, 

among the surfactants the re~ative exchanging efficiency DDTMA+L 

DDP+L CTMA+L cP+ may be related to their di.eGreasing critical 
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-2 
micelle concentration 'crrc) values '16) which are 1.5 :x 10 , 

-2 -4 -4 0 
1.5 :x 10 , 9.2 :x 10 , 9.0 :x 10 (H} respectively at 25 c. 

Although all the exchange isotherms are of the L type 

+ . 
the· desorption isotherm obtained with DDTMA is of the 1 C' 

+ + + + 
type and those with TEA , TPA , CTMA and cP belong to the 

's • tvpe in the class if icat ions of isotherms of Giles et al ( 4). 

The C-type of curve was also observed by Greenland et al ,17) 

in the adsorption studies of amin~ acids and peptides from 

water on Ca-montmorillonite and Sarkar and Das Kanungo (18) 

in the desorption of tris-trimethylene diamine Co\III) i.e. 
3+ 

Co,tn)
3 

, from its Na-bentonite complex by 1,3, propanediammonium 

chloride. Tgis type of curve represents constant partition 

between the solution and surface suggesting that new sites 

become available as sol,ute is taken up by the microporous 

substrate and adsorPtion is always proportional to the solute 

concentration •. De et al (6,, 19) earlier observed S-type of 

isotherms in the desorption of cationic dyes by CTA+ and CP+ 

from clay-dye complexes. Usually the S-curve indicates 

'Co-operative' adsorpt,ion with solute molecules tending to be 

adsorbed or paced in rows or clusters. The converse however 

does not necessarily apply. In the S-curve the slope at first 

increases with concentration because sites capable of retaining 

a solute molecule increase in co-o:p=rat.ive adsorption but 

eventuallv, the slope falls and bec9mes nil at the saturation 
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point when no vacant sites remain. This may explain the S-group 

+ + 
of curves as obtained in the desorption of RG with TEA , TPA , 

.+ + 
CTMA and CP • Recent study by Giles et al (20) shows that 

S-curve occurs when the activation energy for the desorption 

of the solute is concentration dependent, andjor is markedly 

reduced bv large negative contributions of the solvent or a 

second solute. The higher value of selectivity coefficient 

of monovalent long~chain surface active ions indicates their 

preference bv the clay matrix. This can be explained in terms 

of the shape and size of these ions and degree_ of van_ der Waals 

contact between organic ions and the montmorillonite surface. 

Greenland et al '21) have illustrated the irrportance of the 

shape and size of the organic cations in determining the extent 

of van der Waals contact with the clay surf ace. The contribution 

of van der Waals force to adsorption energy would be greater 

of these ions which are in closest contact with the surface, 

or enable close contact to be maintained with the adjacent 

adsorbed ions. For the straight chain larger organic ions like 

CP+ or CTMA+, the size is more important than charge in deter-

mining their preference for the alurninosilicate surface because 

the dispersion forces increase significantly with the length 

of the carbon chain. Moreover, the solubility of the organic 

cat ions in water decreases with the size of the ions, and, so 

large ions once adsorbed, have a lower tendency to ret urn to 
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the solution phase (22). 

An attempt has been made to correlate the selectivity 

coefficient of the inorganic ions, which gives a relative 

measure of the affinities of the ions for the clay surface,' 

with some other properties of the ions, viz~ hydrated ionic 

0 
radius (23) and the parameter, a , (24) of the Debye Huckel 

equation, 

where the symbols have their usual significance. In Fig •. 7 the 

plot of selectivitv coefficients with hydrated ionic radii and 

the reciprocal of a 0 i.e. the distance of closest approach 

of the tWo ions have been sho'Wn·· The latter plot has been done 

on the basis of the simple electrostatic ion-exchange model of 

Pauley ( 25), which assumes that coulombic forces play the main 

role in the interaction between the counter ions and the 

charged clay surface and that the counter ions in the ion 

exchange are found at their 'distance of closest approach to 

the fixed ionic groups. 

It may be noticed from the plot of lo;J tselectivity 

coefficient) vs_ hydrated ionic radius \23) of the monovalent 
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+ + + -1· 
ions (Fig. 7) that K , m

4
, Rb and Cs are more strongly 

. at.tached to the clay surface that what should normally be 

. e:xpected of them from the values of their hydrated ionic radii. 

+ + 
In comparison with Li and Na , a distinct fixation tendency 

of these ions for the montmorillonite surface is indicated. 

It had been thought earlier that for such a selective sorptiony 

fi:xat ion of these ions are due to their close fit lrJithin the 

he:xagonal cavities of basal o:xygen planes (26,27,28) but the 

recent works of Shainberg and Kemper (29) and Kittrick. (30) 

show that low hydration energy of the ionsi~ the major factor 

in cation selectivity and fi:xation. Smaller the hydration 

energy, greater is the fi:xation tendency of the ion. Having 

+ 
the least hydration energy, Cs is adsorbed the most. Further 

+ + + + 
K , NH

4
, Rb , Cs having low hydration energy produce interlayer 

dehydration and layer collapse and are, therefore, fi:xed in 

interlaye·r position, while cations with high hydration energy 

+ + 2+ 2+ 2+ 
such as Li, , Na , Ca , Mg , sr ' 2+ 

and Ba produce e:xpanded 

interlayers and are not fi:xed (38). If lja
0 

of the alkali 

metal chlorides (24) is plotted against log (selectivity 

·coefficient) a linear relationship is obtained as shown in 

Fig. 7 with allcaline earth metal chlorides both the hydrated 

0 
ionic radius and 1/a yield straight lines with the selectivity 

coefficients (Fig. 7) • From the Fig. 7 .the displacement of RG 
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1 h... ll 1 1 ch 1 · d lja
0 

from clay-comp ex ).Jv a <.a i m:=t a or~ es may be used 

to correlate and predict the relative affinities of the ions 

for the mineral while for the alkaline earth rretal chlorides 

0 
both hydrated ionic radii and 1/a value may be used for the 

purpose. The non linearity aE the plot of log \selectivity 

coefficient) against hydrated ionic radius of the alkali 

cations may be attributed to the unequal fixation tendencies 

of these ions .i~ the clay structure • 

.1? lot of. log {selectivity coefficient) with hydrated 

ionic radius may be utilised to detect ion fuation within 

the same valency type vis-a-vis layer collapse in ion exchangers 

especially in expanding type clay minerals. Further more the 

obedience of the desorPtion data in accordance with the Pa\llley • s 

model suggests that coulombic forces play the major role in 

the interaction between the counter ions and the charged 

exchanger surface. 

Desorption of RB 

The results of desorption isoWherms of RB from RB - Na 

montmorillonite complex is shown in Figs. 9-13 and calculated 

distribution and se~ctivity coefficients of the various 

electrolytes are recorded in Table 7. Desor9tion curves for 

ino~anic and organic ions are similar in nature to those 

obtained in the case of Na-montmorillonite-RG comple::x of RG 

desorption from the clay comple::x but the extent of desorption 
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with rronovalent and bivalent inorganic ions is smaller •. The 

order of preference of the ions according to their performance 

as des orbing cqe nt. ~ -

+ + + + + 
'a) Li ~ N a L K L l~ ~ L Rb L 

+ 
Cs 

2+ 2+ 2+ 2+ 
(b) Mg L Ca L Sr L Ba. 

+ + + + 
(c) TMA L TEA L TPA L TBA 

+ + + + 
(d) DDTMi\ L DDP L Cl'HA L Cl? 

compared to the inorganic ions, the percent age of. e)(change of 

the adsorbed dye \'lith the organic ions are much higher and 

increases with size of ions. This is also reflected in the 

higher values of the selectivity and distribution coefficients 

'Table 7) of the latter ions. Here also the desorption curves 
+ + + + + 

With TEA , TPA , TBA , CTMA and CP are S-shaped and may be 

e~plained in similar manner \as in page 69-90). 

The plot ·of log (selectivity coefficient) against lja
0 

of the alkali metal chlorides gives linear relationship while 

similar plot against hydrated ionic radius of the ions is not 

linear. For the aD-.aline earth matal chlorides however both 

the parameters yield straight lines. Same result also has been 

found in Na-montmorillonite RG systems and so similar conclusion 

· mav _be drawn from the plots as in pages 72-73. 
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It can be observed from the desorption isotherms that 

the percentage of RG desorbed as well as the calculated 

distribution arrl selectivity coefficients are higher than 

those of RB. The order of bonding strength of the dyes is, 

therefore, RB). RG, Whibh is in the reverse order of their 

desorption. This is also reflected in the computed Langmuir 

bonding canst ants for the two adsorption isotherms which are 

5 -1 5 -1 
2·33 :x 10 M for RG and 3\045 :x 10 ·M for RB. The higher 

value of the constant is suggestive of a stronger binding of 

RB in Na-montrnorillonite as the Langmuir bondirg constant 

is directly proportional to the heat of' adsorption \31). 
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TA13Ll!; -5 

Basal Spacings 'in A 
0

) of Na-mont rnori 11onite treated with 

RG and RJ3 as computed from the x-ray Diffract io·n Spectra 

'Fig. 15-19} 

---~--------------- -------------------··-----------
·-----~--------..-.. ----·---~------·-

Name of the Ove % Sorbed 

·------·------------ ---------·----------
0 

RG 25 

50 

75 14.255 

100 15.781 

0 11.024 

RB 25 14.489 

50 14.372 

75 16.994 

100 17.327 
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TABLE 6 

Desorption characteristics of RG from Na-montmorillonite-RG 
Nith respect to different ions. 

Electrolytes Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

1:1 Electrolyte 

-7 
0.1 (M) 0.046 1 .. 31 :X 10 

-7 
LiCl 0.2 (M) 0.033 1.36':x 10 

0.3 (M) 0.026 
-7 

1.30 :X 10 

o.s (M 0.019 1.19 :X 10 
-7 

(M) 
-8 

0.75 o.o14 9.50 :X 10 

0.1 {M} 0.033 6.79 
-8 

:X 10 

NaCl 0 .. 2 (M) 0.026 8.24 :X 10 
-8 

(M) -8 0.3 0.020 7. 64 :X 10 

0.5 (M). -8 
0.014 6.41 :X 10 

0875 {M~ o.oo99 -8 
4.50 :X 10 

0.1 (M) o.o49 1.45 
-7 

:X 10 

KCl 0 .. 2 (M) 0.037 1. 68 :X 10 
-7 

6.3 ~M~ 0.027 1.42 
-7 

:X 10 

0.5 {M} .0~ 019 1.19 -7 
:X 10 

0.75 ~M) 0.014 9.84 -8 
:X 10 

Contd •• 
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TABLE.- 6 ( Contd •• ) 

.Concentration 
of Electrolyte 

Distribution 
Coefficient 

·selectivity 
Coefficient 

----------------------------------------------------------------7 
0.1 (M) 0.060 2.15 :X 10 

(M) 
-7 

. NH4Cl 0.2 0.042 2 .. 23 :X 10 

(M) 
-7 

0.3 0.033 2·20 :X 10 

0 .. 5 (M} 0.023 . 1.68 :X 10 
-7 

-7 
0.75 'M) 0.017 1.43 :X 10 

(H) 
-7 

0.1 0~ 109 ? .. 3B.:x 10 

\M) 
-7 

RbCl 0.2 0 .. 074 6 .. 83 :X 10 

(M) 7.16 :X 
-7 

0.3. 0.062 10 

(M) 
-7 

0.5 0.047 6.98 :X 10 

-7 
0.75 (M) 0.036 6. 19 :X 10 

(M) 
-6 

0.1 0.147 1.33 :X 10 

CsC1 0.2 {M) 0.102 . 1. 30 :X 10 
-6 

0.3 (M) 0.080 1.22 
-6 

:X 10 

0.5 \M) 0.060 1.12 :X 10 
-6 

{M) . o. 044 9.62 -7 0.75 :X. 10 

Contd •• 

. ,; 



-79-

TABLE - 6 (Contd •• ) 

Electrolyte Concentration Distribution Selectivity. 
used of Electrolyte Coefficient Coefficient 

---
2:1 Electrolyte 

-6 
o.o5 (M) 0.410 ?.11 :X 10 

M:;)"Cl
2 

(M) 0.354 
-6 0.1 2.72 :X 10 

0.2 <M) 2.73 
-6 

0.280 :X 10 
-6 

:___...)-.. 
0.3 'M) 0.238 2.50 :X 10 

-6 r 
0.4 (M) 0.210. 2.26 X 10 

o .. os 'M} 0.440 
-6 

2. 60 :X 10 

CaC12 0 .. 1 \M) 0.360 2. 84 :X 10 
-6 

0.2 'M) 0.287 
-6 

2. 93 X 10 

0.3 'M) 0.238 2.50 :X 1o-6 

0.4 ( Ivl) 0.211 2.~4 X 10 
-6 

:. 
0.05 (M/ 

-6 
0.487 3.56 :X 10 

SrCl2 0.1 'M) 0.381 3.40 :X 
-6 

10 

0.2 'M) o. 302 3.44 :X 1o-6 

0.3 (M) 0.250 2. 93 :X 
. -6 

10 

0.4 (M) 0.222 
-6 

2.72 X 10 

Contd •• 

-~ 
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TABLE - 6 (Contd •• ) 

Elect rqlytes Concentration Dist ~ ibu t ion Selectivity 
used of Electrolyte Coefficient Coefficient 

-- ---
-6 

0.05. (M} 0.498 3. 80 :X 10 
-6 

BaC1
2 

0.1 ~M} . 0.385 3.54 :X 10 
-6 

o. 2. (M) 0.302 3.45 :X 10 

(M) o·. 258 
-6 

0.3 3.23 :X 10 

(M) -6 
~~' 

0.4 0.228 2. 96 :X 10 
i· 

Quaternarv Ammonium -----
~t 

o.o5 Ovt} 0.149 
-7 

6.73 :X 10 

TMABr .0.1 (M) 0.136 6. 95 :X 10 
-7 

0.2 (M) 0.121 1.83 :X 10 
-6 

(M) -6 
0.3 0.105 2.11 :X 10 

0.4 'M) o.o93 
-6 

·, 2-21 :X 10 
-~ 

o.os (M) o. 248 1.88 :X 
-6 

10 

TEABir: 0.1 (\M) 0.186 
-6 

2.14 :X 10 

0.2 (M) 0.179 4.13 :X 
-6 

10 

0.3 (M) 
-6 

0.170 5.65 :X 10 

0.4 (M) 0.170 8.17 
·-6 

:X 10 

r . 
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TABLE 6 (Contd •• ) 

Electrolyte Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coe ff ici ent . 

-6 
o.o5 (M) 0.347 3.73 :X 10 

TPABr 0.1 'M) 0.304 
-6 

5.85 :X 10 

-6 
0.,2 'M) 0.260 a. 92 :X 10 

-5 
~..J-- 0.3 <M} 0.235 1.13 :X 10 

I~ 

-5 0.4 'M) 0.217 1.32 :X 10 

o.o5 (M) 1.736 
-4 

1.o5 :X 10 

'tBABr 0.1 (M) 1. 241, 1.15 :X 10 
-4 

0.2 (M) o.aao 
-4 

1.30 X 10 

0.3 ·; (M) o. 694 1.31 :X lo-4 

(M) 
-4 

' 0.4' o.558 1.17 :X 10 •• 
-4 -4 

2:xl0 \M) '63.468 4.83 :X 10 
-4 -3 

DDTHABr 4:xlO (M) 64 ·225 l.oo :x 10 
-4 -3 

6:xlO \M) 66.2 96 1.69 :X 10 

-4 ) 8:xl0 (M 62.143 2.01 :X 10 
-3 

-3 -3 
l:xlO (M} 62.186 2.58 X 10 
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: 

?-' f'ABIJ~ - 6 (Contd •• ) 

----....-.-·-. 
Electrolyte Concentration Distribution SeH=cti vity 
used of Electrolyte Coefficient Coefficient 

-4 -2 
2 :X 10 . (M) 37 9. 7 9 1. 94 :X 10 

-4 -2 CTMABr 4 :X 10 (M) 413.33 5.42 :X 10 

-4 -2 
6 :X 10 (M) 390.91 8.64 :X 10 

-4 -1 
8 :X 10. (M) 357.87 1.12 :X 10 

~-~- -3 '-1 
1 :X 10 (Ivl) 318. 14 1.22 :X 10 

-4 -4 
1 :X 10 (Ivl) 130.32 9. 94 :X 10 

-4 -3 DDPBr 2 :X 10 (M) 96.37 1.11 :X 10 
-4 -3 

3 :X 10 (M) 104.02 2. 04 :X 10 
-4. -3 4 :X 10 ( Iv1 ) 93.46 2-22 :X 10 
-4 -3 5 :X 10 {I"l) 99.60 3.23 :X 10 

')!-'" 

-4 -1 1 :X 10 (M) 1484.04 le60 :X 10 
. -4 -1 CPBr 2 :X 10 ( Iv1 ) 1142.10 2.29 :X 10 

_4 -1 3 :X 10 (M) 936.24 2.88 :X 10 
-4 -1 4 :X 10 (M) 833.41 3.57 :X 10 
-4 -1 

5 :X 10 (Ivl.) 7 34.-53 3.94 :X 10 

------- ------------------------~--------------
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~~ TABLE - 7 

Desorption characteristics of RB from Na-mont morillonite-RB 

with respect to different ions. 

--
Electrolyte Concentration Distribution. .Selectivity 
used of Elect roly.t e Coefficient Coefficient 

1; 1 Electrolyte 

~M) 
-8 

0.1 0.030 5.52 .:X 10 
_,_...)--.. \M) -8 

. F LiCl 0~2 0.022 6.06 .:X 10 

(M) -8 
0.3 0.017 5. 72 .:X 10 

(M) 0.012 
-8 0.5 4.61 .:X 10 

'M) 
-8 

0.75 0.0084 3.20 .:X 10 

0.1 CM) 0.036 7.96 
-8 

.:X 10 

NaCl 0.2 (M) 0.023 6.39 .:X 
-8 

10' 

(M) -8 
·~ 0.3 0.017 5.72 .:X 10 

0.5 {M) 0.012 -8 
4.26 .:X 10 

'M) 
-8 

0.75 0.0081 2. 95 .:X 10 

o. 1 (M) -7 
0.042 1.08 .:X 10 

KCl o. 2 (M) 0.026 -8 
8. 58 .:X 10 

0.3 (M) o. 020 7.68 .:X 
-8 

10 

0.5 (M} 0.015 7.52 
-8 

.:X 10 

'"~. 0.75 (M) 0.011 5.82 :X 
-8 

10 



-84-

TABLE -7 (Contd •• ) 

Electrolyte Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

-7 
0.1 (M) 0.053 ( . 

·' 1.71 :X 10 ., ~ 

'M) ' 
-7 

NH
4
Cl 0.2 o. 034 I '•' 1.44 :X 10 

0.3 ~M) 0.025 ( . . 
,·.. J 

-7 
1.14 X 10 

-8 
0.5 'M) 0.015 t. ~ • / 7.29 :X 10 " ~:~~- -8 
0.75 (M). o.o11 ~. ; , .f 5.82 :X 10 

-7 
0.1 ~.M) 0.091 5.02 :X 10 

RbCl 0.2 'M) 0.054 
-7 

3.53 :X 10 

o •. 3 (M) -7 
0.037 2.58 X 10 

0.5 'M) 
-7 

0.024 1. 75 :X 10 

0.75 'M) 
-7 

0.016 1. 19 :X 10 

'W" -., 

0.1 (M) 0.101 6.15 :X 10-7 

(M) 
-7 

CsC1 0.2 o. 057 3. 95 :X 10 

0.3 (M) 0.040 2. 98 
. -7 

:X 10 

o.s (M) o. 025 1.94 X 10 
-7 

0.75 'M) 
-7. 

0.017· 1.31 :X 10 



-85-

--- -

~ TABLE - 7 \Contd·. ) 

--
Electrolyte Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

2:1 Electrolyte 

-6 
0.05 'M} 0.340 1.18 J< 10 

-6 
Mgc12 0.-1 ~M) 0'.277 1.27 x io 

{M) 0.201 -7 
0.2 9.77 J< 10 

--~~-- -7 
0.3 ~M) 0.166 8.25 J< 10 

0.4 (M) 0.146 
-7 

7.46 J< 10 

o.os \M) 0.382 1. 67 
-6 

X 10 

CaC1
2 

0.1 {M) -6 
0.282 1.35 :X 10 

-6 0.2 'M.) 0.208 1.09 :X 10 

(M) -7 0.3 0.173 9.27 :X 10 

0.4 (M) 0.150 -7 ¥ 8.20 :X 10 

o. 05 {M) 0.398 1.88 X 10 
-6 

SrC12 0.1 (M) 0.294 -6 
1 .. 52 :X 10 

0.2 (M) o. 216 1.22 
-6 

:X 10' 

0.3 (M) 0.180 1.06 :X 
-6 

10 

. 0.4 (M) -7 
0.157 9. 31 :X 10 
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TABLE - 7 ~Contd •• ) 

--------------------
Electrolyte 
used 

BaC12 

~ernarv 

Salt 

TMABr 

TEABr 

Concentration . Distribution 
of Electrolyte Coefficient 

0.05 (M) 0.413 

0.1 \M) o. 303 

o.z 'M) . o. 221 

0.3 ~M) 0.183 

0.4 (M) 0.160 

Ammo ill:~ 

o.os 'M) 0.103 

0.1 (M) 0.061 

0.2 (M} 0.045 

0.3 (M) 0.036 

0.4 \M) 0.028 

0.05 <M) 0.170 

0.1 (M) 0..134,. 

0.2 \M) 0.097 

0.3 ~M} 0.085 

0.4 'M) o.o77 . 

Selectivity 
Coefficient 

-6 
2-11 :X 10 

-6 
1.67 :X 10 

-6 
1. 30 :X 10 

-6 
l.ll :X 10 

-7 
9. 84 :X 10 

-7 
3.20 :X 10 

-7 
2·26 :X 10 

-7 
2;.50 :X 10 

-7 
2.41 :X 10 

-7 
2.02 :X 10 

-7 
8.73 :X 10 

J: .. os :.:x 10 
-6 

1.16 :X 
-6 

10 
-6 

1.34 :X 10 

1.50 :X 
-6 

10 
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'~ TABLE - 7 ~Contd •• ) 

---
Elect roly.te Concept rat ion Distribution s'e lecti v it y 
used of Electrolyte Coefficient Coefficient 

<M} 0.183 -6 
o.os l.oo x 10 

(M) 
-6 

TPABr 0.1 0.170 1.77 X 10 
-6 

0.2 ~M) 0.167 2.02 X 10 

0.3 (M) 0.157 4.76 
-6 

X 10 

---l-· 0.4 'M) 
-6 

0.152 6.10 X 10 
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- TABLE - 7 'Contd •• ) 
~ 

Electrolyte Concentration Distribution Selectivity 
used of E lee t ro ly te Coefficient Coefficient 

-4 -2 
2 :X 10 'M) 353. 15 1.57 :X 10 

-4 -2 
CTMABr. 4 :X 10 (M) 325.33 3.07 :X 10 

-4 -2 
6 :X 10 (M) 254.33 2· 98 :X 10 

-4 -2 
8 :X 10 (M) 206. 93 2.72 :X 10 

·~-! -3 -2 
1 :x io (M) 196.55 2.89 :X 10 

. -4 
\M) -4 

1 :X 10 81.33 3.50 :X 10 
-4 -4 

DDPBr 2 :X 10 (M) 70.63 5.71 :X 10 
-4 ... 4 

3 :X 10 (M) 67.31 8.ol :x 10 

-4 -3. 
4 :X 10 (M) 65.69 1. 03 :X 10 

-4 -4 
5 :X 10 ~M) 62-24 1.17 :X 10 

-~ 
... 4 -2. 1 :X 10 (M~ 501.55 1.44 :X 10 
-4 -2 CPBr 2 :X 10 (M) 385.26 1. 89 :X 10 
-4 -2 3 :X 10 (M) 319.72 2.06 :X 10 
-4 -2. 4 :X 10 (M) 281.53 2·22 :X 10 
-4 -2. 5 :X 10 ~M) 248. 97 2-24 :X 10 
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CHAPTER - V 

Sorption and Desorption of RG and RB 

on Kaolinite System 

The structure of kaolinite was first suggested in 

general outlines by Pauling (1) and it was worked out in 

some detail bv Gruner (2) and later revised by Brindley and 

his colleagues (3,4 ). Kaolinite belongs to the 11 kaolin11 group 

of ,minerals and its composite sheet consists of a gibbisite 

laver and a silica layer. These corrposite sheets are lightly 

bound in the C-directions br H-bonding between oxygens of the 

tetrahedral layer of one composite sheet and the hydroxyls 

~f the octahedral laver of the next one. Very little expansion· 

is, thus, possible in C-direct ion. The basal spacing value of 

0 
kaolinite is 7. 37 A (5). Grim, Allaway and Cuthbert (6) 

observed that kaolinites enter into exchange reactions with 

organic ions upto their exchange capacity and showed that large 

organic ions added in excess of the exchange capacity tend to 

be adsorbed by van der Waals forces. Mortenson '7) showed that 

unsatisfied valence bonds of the e~osed lattice aluminiu~ are 

involved in the bond formation in exchange reactions. 

The sorption and desorption behaviour of methylene blue, 

malachite green and crystal violet on and from kaolinite Wei::e 

studied by De, Das Kanungo and Chakravarti (8). The present study 
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of the sorption and desorption characteristics of RG and RB 

on and from kaolinite aims at gaining so·me more knowledge in this 

fascinating area •. , 

The sorption and desorption characteristics of RG 

' and RB on and from Na-kaolinite are discussed below. The 

characteristics of sorption are presented in Section A and 

those of desorption in Section B. 

In SectionA,short discussion on infrared study of both 

RG and RB exchanged Na-kaolinite has been included. 



SECTION~ 

Sorption Stud~ 

+ 
Sorption of RG on Na-kaolinite; 

+ 
The adsorPtion isotherm of RG on Na-kaolinite together 

with the reciprocal linear plots are given in Fig. 25.(a) and 

25(b) respectivelv .. It is a typical Langmuir H-type of isotherm 

indicative of strong adsorbate~adsorbent interact ion and 

adsorbed species lying flat on the surface. The dye molecules 

are adsorbed so strongly on the mine:r;al surface at 10tJ concen-

tration that the equilibrium concentration becomes negligible 

uPto about 4 meqjlOOg of·dye sorption. Both the value of Vm 

(7 .1 meqjlOOg), calculated from the linear Langmuir plot, and 

the ma:xirrum sorPtion of the dye from the isotherm (6. 9 meqjlOOg) 

are greater· than the c.e.c. of the mineral (5.4 rreq/100::]). As 

observed in montmorillonite here also RG is adsorbed in e:xcess 

of c.e.c. The higher uptake of RG as e:xaplained.earlier (page 61) 

as a consequence of the greater association tendency of the dye 

in solution and the resulting sorption of aggregation and/or 

unionised dye molecules onto the mineral. 

The adsorption is mostly due to ionic and van P,er Waals 

forces upto the c.e.c. beyond which it is S0·le1y due to van der 

Waals forces. The value of the Langmuir bonding constant 

' 5 -1 
calculated from the linear plot, is 1. 75 :x 10 M • 
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+ 
Sorption of RB on.Na-kaolinite; 

+ 
-The sorption isotherm of RB on kaolinite \Fig. 32a) 

is also of the Langmuir type indicating flat orientation of 

the adsorbed dye· onto the mineral. Accordingly the plot of 

C/X vs C 'is linear L.-Fig. 32 \b} J. E'rom the slope of the line, 

the .value of Vm is found to be 6.25 ~reqjlOOg which is almost 

equal to the value of the ma::xirum adsorPtion of the dye 6.4 meqj 

lOOg obtained from the isotherm. These values tl:lough slightly 
+ 

lower than those of RG , are still higher than the c.e.c. value 

of Na-kaolinite. This is probably due to sorption of aggregated 

ions from the solution of dimarisation or stacking of dye ions 

over the one already present in the adsorbed state .. 

+ AS mentioned before the amount of RB adsorbed by Na-

+ 
kaolinite is less than the amount of RG adsorbed. This is 

+ 
perhaps due to lower aggregation tendency of RB compared to 

+ 
RG in aqueous medium (J;?age 61) and consequently there is less 

am6unt of aggregated RB molecules adsorbed. 

The computed Langmuir, constant for RB+ on to Na-kaolinite 
5 -1 

is equal to 2.66 ::x 10 M , which is higher than that of RG-Na-

kaolinite system signifying that the former dye.is more firmly 

anchored to the mineral• A similar behaviour of these dyes has 

been observed earlier in Na-montmorillonite. 
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+ + 
Infrared Spectral Studies on RG and RB exchanged Na-kaolinite• 

The infrared spectra of RG, RB, Na-kaolinite, 100% RG 

exchanged, 1000~ RB-e:xchanged are' shown in Fig. 21, 22, 39, 

40, 41 res};:~: at ively. From such observations it shows that the 
-1 

significant ring vibration at 1580 em has been shifted to 

-1 
1603 em indicating aggre4}ation tendency of the dye in the 

interla,rer space. Similar behaviour has been found in Na-

mont rlbrillonite (page 64). 

But for RB (Fig. 22.> this band Which appears at 
-1 

1602 em can not be distinguishable in 100% RE-exchange

kaolinite suggesting very little sorption of dye on the clay 

surface. 



SECTION - B 

Desorption Studies 

Desorption of Rhodamine RG+ from Na-Kaolinite -RG ~ 

The procedure for desorption studies has already been 

descri.bed (page 52). Figs. 26-30 show the isotherms of desorp

tion by various inorganic and organic ions whose selectivity 

coefficients and distribution coefficients are given in 

table s. The exchange curve are very similar in nature to 

those obtained in the case of Na-montmorillonite-RG complex. 
+ 

The extent of release of RG from the clay-matrix is directly 

related to the size of the desorbing ions. According to there 

exchange efficiency the desorbing ions rray be arranged as 

follows: 
+ + + + + + 

Ift,i L Na L K ~ NH4 L. Rb L Cs for cronovalent, Mg2"Z 
2+ 2+ 2+ 

Ca L Sr L Ba · for bivalent ion. Interest .ing ly the percent age 

+ 
of desorption of RG from its Na-kaolinite complex by the 

monovalent and divalent inorganic ions is much higher compared 

to montmorillonite while it has ~ot lower value by the larger 

organic ions, although the extent of desorption increases with 

the size of the ions in both the cases. This can be, however, 

understood on the basis of the structural characteristics 

of this mineral. In ka0linite the exchange capacity is very 

low and its surface area is (e:t7.o m
2
;g) ~9). The area per 

exchange site in kaolinite is smallest as compared to other 

minerals structures here. 
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Judging from the structural behaviour of this mineral, 

the e~change sites are located only on the exterior surfaces 

of the crystal due to its non-expansible character and the 

distance between two e~change sites is the smallest in this 

mineral. So the strength of binding of this dye with kaolinite 

is expected to be lt-1eak as compared to that with other minerals 

and owing to the close pro~imity of the e~change sites it may 

so happen-that .the small-:-sized inorganic ions can match the 

exchange positions more appropriately to displace the adsorbed 

dye. Probably small_ sized ions have also got less "Cover-up11 

effect. Conversely, the larger organic ions blanket some of the 

closelv spaced e~change sites though higher dispersion force 

owing to their bigger size, tends to enhance the e~tent of 

exchange. Due to this resultant effect, the e~tent of desorption 

in kaolinite is lower than in other mineral systems studied here. 

. + 
As in the desorption of RG from its montmorillonite 

' 0 
complexes, have also both 1/a and the hydrated ionic radius 

of the alkaline earth metal ions plotted against log (se.:).ecti

vity coefficient) behave linearly (Fig. 31). But for monovalent 

inorganic ions the plat of hydrated ionic radil vs 1~ 

(selectivity coefficient) is non-linear whereas ,it behaves 

linearly (Fig. 31) when lja 
0 

values are plotted _against log 

(selectivity coefficient). A similar behaviour was noted earlier 

in the other minerals studied. 

,_} 
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+ 
DesorPtion of RB from Na-:Kaoliriite-RB : 

+ 
The desorption of RB from its kaolinite complex by 

inorganic and organic ion (Figs. 33-37) are similar to those 

for RG-kaolinite. The only difference is that the percentage of 

+ 
RG desorbed as well as the calculated distribution and selecti-

vity coefficient's ·'are higher than those of RB + indicating a 

stronger binding of latter to this clay. 

According to the values of the distribution and selectivity 

coefficients, the 
+ + 

order :. Li L N a L 

inorganic ions ~T~ble 9) may be placed in the 
+ + + + 

K ~ NH L Rb L Cs for the monovalent ions, 4 . 
+ 2+ 

Mg L Ca L 
2+ 2+ 

Sr L Ba 
+ 

The extent of RB for the bivalent ions .. 

desorption is directly proportional to the size of th~ inorganic 

ions and agrees with other cases of dye desorption. The selectivity 

coefficients. as will be seen from the data given in Table 9 are 

much lower than 1. o, which indicates a llUlCh smaller affinity of 
+ 

the desorbing ions than RB for the kaolinite surfaces. /.s noted 

+ 
earlier in the desorption of RG from the Na-kaolinite-RG, 

+ 
here also the extent of exchange of RB by monovalent and 

bivalent inorganic ions is much higher than in montmorillonite 

complex and mav be explained on.the basis of the difference in 
l 
I 

intercha~.ge separation of the minerals vis-a-vis the smaller 

size of these ions. 
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The percentates of release of the adsorbed dye from 

clay~RB complex by the large organic ions are lower in Na

Kaolinite-RB coaplex than in the coaplexes of rrontrrorillonite. 

This mav be interpreted in a similar manner on the basis of the 

proximitv of the exchange sites and contribution of van der 

Waals forces vis--a-vis size of the ions and cover up effect 

as done-for RG+ deso~tion from its Na-Kaolinite Complex 'p9ge 

95 ). 

The plot of log selectivity coefficient against hydrated 

ionic radii yields straight lines for bivalent inorganic ions 

whereas for the monovalent inorganic ions it is non-linear 

0 
(Fig. 38). However lja vs log selectivity coefficient plot 

for both monovalent and bivalent ino~anic ions is linear (Fig• 

3B). This type of bEhaviour had also been found in other exchanges 

and. its ~sefulness had already been discussed in page 73. 

+ 
The extent of desorption of RG ftnm its kaolinite 

+ 
complex is higher than that of RB from Na-Kaolinite-RB 

+ 
complex, indicating thereby a weaker binding of .BG to this 

exchanger. The higher value of I,,angmuir bonding constant for 
. + 
RB is also. compatible with this observation. 

Such an order in the values of the bonding strengths 

of the two dyes in question has also been .noticed in previous 

mineral system studied here •. The· explanation for this is similar 

which has already been discussed in the earlier case (page 75 ). 
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TABLE -_§ 

Desorption characterist~cs of RG from Na-kaolinite-RG 
with respect to different ions .. 

Electrolyte Concen t rat ion Distribution Selectivity used of electrolyte Coefficient Coefficient 
---..- ...-.---...... ~ 

1=1 Electrolyte 

-2 -8 
LiCl 0.1 4M) 1. 31 X 10. 1. 4 8 X 10 

-2 -8 
0.2 (M) 1.03 :X 10 1.74 :X 10 

-3 -8 
0.3 (M) 8.08 :X 10 1.71 :X 10 

' -3 -8 0.5 \M) 5. 7 9 :X 10 1.48 :X 10 

-3 -,8 
0.75 (M) 4. 21 :X 10 1.18 X 10 

-2 -8 
0.1 (M) 1.63 :X 10 2.30 :X 10 

-2 -8 
NaC1 o.z (M) 1.13 :X 10 2·24 X 10 

-3 -"8 9·3 (M) 8.96.:x 10 2.12 X 10 

-3 -8 
0.5 (M) 6.43 X 10 1.83 :X 10 

-3 -8 0.75 (M) 4.77 X 10 1.53 X 10 

-8 0.1 (M} .0.022 4 .. 27 :X 10 

KCl 0.2 <M) o.ol5 -8 
4 .. 14 X 10 

-8 
0.3 (M) o. 0.12 4.07 :X 10 

<M) 3.75 X 
-8 0.5 o.oo9· 10 

0.75 'M) 0.006 3.01 X 10 
-8 
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~LE -8 'Contd •• ) 

-----------------------------------------------------------
Electrolyte 
used 

NH 4Cl 

RbCl 

CsC1 

Concentration 
of .electrolyte-

0.1 (M) 

o.z. \M) 

0.3 tM) 

o.s (M) 

o. 75 (M) 

0.1 (M) 

0.2 'M) 

0.3 (M) 

o.s \M) 

0.75 'M) 

0.1 'M) 

0.2 (M) 

0.3 (M) 

o.s (M) 

0.75 'M) 

Distribution 
Coefficient 

0.0179 

0.013 

0.010-

o.oo8 

0.006 

0.029 

0.021 

0.016 

o.o11 

o.oo8 

0.036 

0.023 

0.018 

0.012 

o.oo9 

Selectivity 
Coefficient 

-·8 
2.77 :X 10 

-8 
3.30 :X 10 

-8 
3.06 :X 10 

-8 
3.22 :X 10 

-8 
2· 94 :X 10 

-8 
7.43 :X 10 

-8 
8.28 :X 10 

-8 
7. 54 :X 10 

-8 
6.42 :X 10 

-8 
4.88 :X 10 

-7 
1.22 :X 10 

-7 
1.os :X 10 

-8 
9. 52 :X 10 

-8 
9.86 :X 10 

-8 
6.41 X 10 
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TABLE - 8 (Contd •• ) 

Electrolyte Concentration Distribution Selectivity 
used of electrolyte Coefficient Coefficient 

2,1 Electrolyte 

-7 
o.o5 (M) 0.180 2.47 :X 10 

Mgc12 0.10 (M) 0.155 
-7 

3.30 :X 10 

~-
-7 

0.20 (M) 0.123 3.30 :X 10 

-7 
0.30 (M) 0.,103 2. 95 :X 10 

-7 
0.40 (M) 0.090 2.66 :X 10 

o.os (M) 0.210 
-7 

4.06 :X 10 
-7 

CaC1
2 

o.10 (M) 0.162 3.76 :X 10 
-7 

0.20 'M) 0.123 3.30 :X 10 

-7 
0.30· 'M) 0.104 3.07 :X 10 

~ 
-7 0 .. 40 (M) 0.092 2.83 :X 10 

-7 
o.o5 (M) 0.220 4.47 :X 10 

SrC12 0.10 (M) 0.167 
-7 

4.11 :X 10' 

(M) -7 0.20 0 .. 130 4., 00 :X 10 

0.30 (M) 0.107 
-7 

3.34 :X 10 

(M} 
-7 

0.40 0.097 3.36 :X 10 

-~ 
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Electrolyte Concentration Distr.ibut ion Selectivity 
used of electrolyte Coefficient Coefficient 

--
(M) 

-7 
o.os 0.224 4. 99 X 10 

(M) 
-7 

BaC1
2 

• o.1o 0.171 4 • 48 X 10 

-7 
0.20 (M) Oe 129 3.86 X 10 

·-7 

>-- o. 30 (M) 0.109 3.50 X 10 

-7 
0.40 (M) o.oo9 3.33 X 10 

Quaternary Ammonium ----- .... ----
Salts 

-8 
o.os (M) 0.028 3.47 X 10 

-8 
TMBABr 0.10 (M) 0.026 5. 98 X 10 

-8 
0.20 'M) 0.019 6.76 X 10 

~ -8 
0.30 (M} 0.015 6.88 X 10 

-8 
0.40 CM) o.ol3 6.30 X 10 

(M) 
-8 

o.os 0.034 5.22 X 10 

TEABr 0.10 (M) 0.,031 
-8 

8.88 X 10 

-1 
0.20 (M) 0.023 1.03 X 10 

-7 
0.30 'M) 0.018 1.01 X 10 

__,_ 0.40 (M) 0.015 9.48 X. 
-8 

10 
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TABLE - 8 (Contd •• ) 

Electrolyte Concentration Distribution Selectivity 
used of electrolyte Coefficient Coefficient 

-
-8 o.os (M) 0.047 9.83 x 10 

Tl?ABr 0.10 (M) 0.039 
-7 

1.41 }( 10 

.0.20 · (M) 
-7 

0.028 1.5 1 }( 10 
-7 

0.30 {MJ 0.022 1.47 }( 10 
~~~ -7 

0.40 (M) 0.018 1.34 :X 10 

-7 
o.o5 (M) 0.094 4 .12 }( 10 

TBABr ,0,10 (M) 0.063 
'-7 

3.79 }( 10 

0.20 (M) 0.039 
-1 

3.13 J( 10 

-1 
0.30 4M) 0.029 2 .. 62 }( 10 

-1 
0.40 (M) 0.023 2.20 J( 10 

'--'(~ 

-4 -5 '2 }( 10 (M) 9.754 1. 65 J( 10 

-4 -5 
DDTMABr 4 J( 10 (M) 6.852 1 .. 65 J( 10 

-4 -5 
6 J( 10 (M) 5.542 1.63 J( 10 

-4 -5 
8 J( 10 (M) 4 .. 743 1.61 }( 10 

~. 

-3 . -5 
1 :X 10 (M) 3. 956 1.41 }( 10 
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TABLE - 8 (Contd •• ) 
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TABLE -. 9 

Desorption characteristics of RB from Na-kaolinite
RB with respect to different ions. 

--------~----~~----------~------·------·----------------------
Electrolytes 
used 

Concentration of 
electrolyte 

1:1 Electrolyte 

LiCl 

NaCl 

KCl 

0.1 (M) 

o. 2 (M) 

0.3 (M) 

0.5 (M) 

0.75 (M) 

0.1 (M) 

0.5 (M) 

0.75 (M) 

0.1 (M) 
; 

0.2 (M) 

0.3 (M) 

O. 5 (M) 

0.75 (M) 

Distribution 
Coefficient 

-3 
6. 84 :.X 10 

-3 
4.73 :.X 10 

-3 
3.68 :.X 10 

-3 
2.73 :.X 10 

-3 
2. 03· :.X 10 

-2 
1. 05 :.X 10 

-3 
7.10 :.X 10 

-3 
5.61 :.X 10 

-3 
3.89 :.X 10 

-3 
2. 94 :.X 10 

-2 
1 .. 73 :.X 10 

-2 
1.o7 :.x 10 

-3 
8.06 :X 10 

5. 26 :X 10- 3 

3. 64 :.X 10-3 

Selectivity 
Coefficient 

-9 
3. 80 :X 10 

-9 
3.70 :X 10 

-9 
3.37 :X 10 

-9 
3.11 :.X 10 

-9 
2. 59 :.X 10 

-9 
9.17 :.X 10 

-9 
8. 41 :X 10 

-9 
7. 92 :.X 10 

-9 
6. 38 :.X 10 

-9 
5. 51 :X 10 

-8 
2 .. 53 :.X 10 

-8 
1. 96 :.X 10 

-8 
1. 66 :.X 10 

1.18 :.X 1o-8 

7. 96 :.x 1o- 9 
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-
TABLE - 9 (Contd •• ) ~ ----

--- ---
Electrolyte Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

-2 -8 
0.1 (M) 1.31 :X 10 1.44 :X 10 

-3 -8 NH 4Cl 0.2 (M) 9.73 :X 10 1. 59 :X 10 
:...3 -8 

0.3 (M) 8.06 :X 10 1.66 :X 10 
-3 -8 

~~-
o.s (M) 5. 99 :X 10 . 1.54 :X 1o' 

(M) -3 -8 
0.75 4.27 :X 10 1.11 :X 10 

-2 -8 
0.1 (M) 2.63 :X 10 5. 91 :X 10 

-2 -8 
RbCl 0.2 (M) 1.76 :X 10 5.40 :X 10 

-2 -8 
0.3 (M) 1.36 :X 10 4.94 :X 10 

-3 -8 
o.s (M) 9.78 :X 10 4. 28 :X 10 

-3 -8 
0.75 (M) 7.22 :X 10 3. 54 :X 10 

/ 

'"-;(· 
: 

-2 -8 0 .. 1 {M) 3.15 :X 10 e. 61 :x 10 

CsCl 0.2 (M) 2.05 :X 
-2 -8 

10 7.41 :X 10 
-2 -8 

0.3 (M) 1.s 9 :X. 10 6.82 :X 10 
-2 -8 

o.s (M) . 1.14 :X 10 5. 99 :X 10 
-3 -8 

0.75 {M) s.ss :X 10 s.o7 :x 10 
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~LE-=-~ \Contd •• ) 

·----------------------~------------·------------------
Electrolvte 
used 

Concentration o Distribution 
electrolyte Coefficient 

2:1 Electrolyte 

0.05 {M) 

{)~lo 'M) 

0.20 (M) 

0.30 (M) 

0.40 {M) 

0.05 {M) 

0.10 {M) 

o. 30 \M) 

0.40 ~M) 

o.os {M) 

0.10 (M) 

0.20 'M) 

0~30 (M) 

0.40 'M) 

0.121 

0.107 

0.097 

0.087 

0.077 

0.125 

0.114 

0.103 

0.091 

0.082 

0.145 

0.129 

0.111 

0.093 

o.o87 

Selectivity 
COefficient 

-8 
7.35 :X 10 

-7 
1.03 :X 10 

-7 Lss :x 10 

-7 
1. 72 :X 10 

-7 
1. 60 :X 10 

-8 
8.16 :X 10 

-7 
1.25 :X 10 

-7 
1.89 :X 10 

-7 
1. 97 :X 10 

-7 
1. 93 :X 10 

-7 
1.19 :x lo 

-7 
3. 87 :X 10 

-7 
2 ·48 :X 10 

-7 
2.07 :X 10 . 

-7 
2·29. :X 10 
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TABLE -9 (Contd •• ) 

---
' Electrolyt~ Concent rat ion Distribution Selectivity used of electrolyte Coef'f icient Coefficient 

--
0.05 (M) 0.171 2.11 :X 10 

-7 

-7 
BaC12 

o.1o (M) 0.148 2.78 :X 10 

0•20 (M) 0.121 3.07 :X 10 
-7 

-7 ·, 
0.30 'M) 0.104 2. 94 :X 10 .#-

-7 
0.40 'M) 0.093 2·81 :X 10 

Quaternary Amm:mium 

~ 
-2 -8 0.05 (M) 2.52 :X 10 2. 65 :X 10 
-2 -8 TMABr 0.10 (M) 1.73 :X 10 2.53 :X 10 
-2 -8 

0.20 (M) 1.18 :X 10 2.38 :X 10 

-3 -8 
0.30 (M) 9 .. 47 :X 10 2.30 :X 10 

~ 
,-

-3 -8 
0.40 (M) 7.89 :X 10 2.15 :X 10 

-2 -8 
0.05 (M) . 4. 73 :X 10' 9.52 :X lb 

-2 -8 TEABr o .• lo (M) 2. 92 :X 10 7.33 :X 10 
-2 -8 

0.20 u-n 1.77 :X 10 5 .4 8 :X 10 

(M) 1.31 :X 
-2 -8 0.30 10 4.55 :X 10 

0 .. 40 'M) l.o8 :x 10 
-2 -8 4.16 :X 10 

-.-t. 
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TABLE- 9 (Contd •• ) 

Electrolvte Concentration Distribution 'Selectivity 
used of electrolyte Coefficient C oef f ic ient 

-
2 -4( :x 10 M) 18.419 

-5 
5. 91 ~ 10 

. -4 -5 
CTMABr 4 ~ 10 (M) 12.391 5.48 :X 10 

1o-
4(M.) -5 

6. ~ 9.571 4. 99 ~ 10 

-,. 
~ 8 ~ -4( 10 M) 7.702 4.35 

-5 
~ 10 

1o-
3
( M) -5 

1 ~ 6.423 3.81 ~ 10 

-4 -5 1 ~ 10 'M) 7. 92 9 1.04 ~ 10 
-4 

0vl) 
-6 

DDPBr 2 ~ 10 5.405 9.86 ~ 10 
-4· -6 

3 :X 10 (M) 4.039 8.31 ~ 10 
-4 -6 4 ~ 10 'M) 3.2 91 7.39 ~ 10 

-4 -6 
~ 5 :X 10 (M) 2 .84'3 6. 93 ~ 10 

..__ I 

-4 -4 
1 ~ 10 (M) 27.2 25 1.33 ~ 10 

-4 -4 cPBr 2 ~ 10 (M) 16.478 1.11 ~ 10 
-4 -5 3 ~ 10 (M) 11.854 8.07 ~ 10 

-4 -5 4 :X 10 (M) 9. 348 6.60 :X 10 
-4 -5 5 :X 10 'M) 7-634 5.52 ~ 10 
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CHAPTER - VI 

Sorption and DesorPtion of Rhodamine 6G 

and Rhodamine B on Na-Laponite Syste~ 

In order to investigate further, the influence of the 

type of clay mineral on ion-e~change behavio~r of Na-Laponite 

XLG, a synthetic hectorite, has been used for the sorPtion and 
+ + 

desorption of RG and RB • Although laponite, montmorillonite 

are members of the e~panding three layer ~lays, the difference 

among these members is in the type and degree of the isomorphic 

substitution. Laponite owes its charge to octahedral replace

rrent of Mg
2+ by Li + while in montmorillonite it is primarily 

2+ 3+ . ' 
Mg for Al in the octahedral layer (1,2). Consequently the 

electrical attraction between rcontmorillonite plate differs 

greatly from that of laponite as a result of which laponite 

possesses lower charge density than montmorillonite (3) and can 

well more freely .in aqueous medium~ 

The properties of this synthetic clay mineral has been 

described bv Fripiat (4) and Neuman et al (5,6). The stability 

of a laponi~e cP Sol in presence of Chlorides of lithium, sodium, 

Potassium, ammonium, magnesium calcium, barium, lanthanum-and 

he~adecyltrimethylammonium bromide has been studied over a wide 

range of pH by Perkins et al (7 ). They observed that the sols 
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are stable ·over the pH. range~ 7-12 and laponite CP particle -

charge becomes more negative as the pH increases. At pH L 7, sols 

are destabilised~ Thus laponite CP clay suspension behaves quite 

differently with regard to the stability towards electrolytes 

as a function of pH than montmorillonite. Laponite cP is also 

chosen because it forms stable colloid solutions suitable for. 

spectrophotometric studies. So the present investigation has 

been carried· out with the synthetic laponite XLG, supplied by 

Laponite Industries Ltd., England. 

.. + 
The sorption and desorPtion characteristics of RG and 

+ 
RB on Na-laPonite are discussed below on the basis of e:xperi-

mental results. The characteristics of sorption are presented 

in Section A and those of desorption in Section B. In Section A 

+ + 
also infrared studies on RG and RB e:xchanged Na-Laponite are 

brieflv discussed. 
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SECTION - A 

Studies on Sorption 

+ 
Sorpt ion RG at pH 8. 5 

+ 
The adsorption isotherm of RG on Na-laponite. is shown 

in Fig. 42(a) and the Fig. 42\b) represents linear Langmuir 

reciprocal graph from -which the value of Vm is found to be 

96 reqjlOO gm as against the allbunt of dye exchanged at 
-4 

1.2 :x 10 ~M) which is 92 meqjlOOg. Both these values are 

higher than cation exchange capacity of the clay mineral. The 

top port i.on of the isotherm has not attained a plateau upto 

the concentration used in this study. But this nature was not 

shoWn in case of montrrorillonite (page 59). Since laponite can 

swell to an unlimited extent, the dye molecules get sufficient 

space for an easy entrv into the interla~llar region and stack 

themselves uPto format ion of. a bilayer or multilayer. Also the 
+ 

higher aggregation tendency of RG in aqueous credium favours 

this process (page 61). The Langmuir bonding constant of the dye 

calculated from the slope and intercept of the linear plot is 

105 M-1 2.14 :X • 
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+ 
Sorption of RB at pH.8.5 

+ 
The adsorption of RB on Na-laponite is drawn in 

Fig. 49(a). The.plot of c;xvx c, where c is the equilibrium 
.... 

concentration of RB and X is the amount adsorbed per 100 gm 

of the adsorbent, yiel<}s a good straight lihe Fig .. 4 9(b ). 

This indicates that the .sorption data conform to the. Langmuir 

equation suggesting a monol~er adsorption. From the slope of 

the straight line, the value of Vm (the amount required to fo:z:m 

a complete monolayer) is found to be .89 meqjlOO gm. The maximum 

exchange from the adsorption isothe:r;:-1n is 92 meq,/100 gm v~hil§l the 

c.e.c. of the mineral is 88 meqjlOO gm. These values are lower 
+ 

than those for RG but still slightly higher than the c.e.c. 

value of Na-laponite. This is probably due· to sorption of 

aggregated ions from the solution or dimerisation or stacking of 

dye ions over those alreadv present in the adsorbed state • 
. + 

Here· the value of Vm is less than that of RG adsorbed. 'I'his 
+ 

may be due to lower aggregat-ion 1;1endency of RB compared to 
+ 

RG in aqueous medium. The calculated Langmuir constant for 

.... 5-1 
RB on to laponite is equal to 2·26 :x 10 M • which is higher 

than that of RG-Na-laponite system, signifying that the forrter 

dve is. rrore firmly anchored to the mineral. Similar characteris-

tics of these ·dyes have been found earlier on montmorillonite 

and kaolinite. 
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Infrared Spectral Studies on RG+ and RB+ exchanged Na-Laporiite. 
------------------------------------------------------------------

Following the method given in Chapter - III page 55 

infrared spectra are obtained for RG, RB, Na~laponite, 100% 

RG - exchanged and 10~/o RB-exchanged laponite shown in Figs. 21, 

22, 56, 57, 58 respectively. It appears that the ring vibration 
+ -1 -1 

band of RG at 1580 em (Fig. 21) has been shifted to 1605 em 

(Fig. 57) for 100% RG-exchanged Na-laponite. This band of RB 

-1 -1 
at 1602 em (Fg.g:. 22) has been shifted to 15 90 em . (Fig. 58) 

for 100% RB-exchanged Na-laponite. Experimental result reflects 

their behaviour towards aggregation in the interlayer space (8). 
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SECTION - B 

Desorption Studies 

+ 
Deso:rpt ion of RG from Na-Laponite - RG;. ---

.... 
The results of desorption of RG from Na~laponite-RG 

comple:x by inorganic and Ol:gan.ic ions are shown in Figs. 43-47. 

The desorPtion curves for inorganic and organic ions are similar 

to those obtained in the case of Na-montmorillonite. From table 

10 it can be seen that selectivity 
' + ... + + -r 
t he order Li L N a L K ~ NH 4 L Rb L 

+-+- +-ta ++- ++ 

coefficients increase in 
.... 

Cs for the monovalent and 

Mg L Ca L Sr L Ba for the bivalent cations. Similarly _ 

for the monovalent organic ions used the selectivity coefficients 

are in the following sequence:. (CH 3 ) 4N L (c
2

H5 ) 
4
N L 'c3H7 ) 4N L 

(c
4
H 9 >

4
N and for the ·organic monqvalent long chain surface active 

+ + . .... + 
ions DDTMA L DDP L CTMA L cP • The higher e:xchange ability of 

.... + NH 4 thanK is to be noted which has also been observed by 

Bhattacharyva (g) in the desorption of diquat 2 + from Na-laponite
+ 

diquat comple:x and by Sunwar <lo) in the desorption of thionine 

from Na-].aponite-thionine corrple:x. It is interesting to note 

+ . 
that the e:xtent of desorption of RG by inorganic monovalent, 

and bivalent cations (Figs. 43-:44) is lo-.."ller than that -observed 

in montmorillonite. The charge density of the minerals is in 

the order : LaponiteL montmorillonite and so the strength of 

binding would be the great~r with montmorillonite than laponite. 
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This would lead probably to the e~pectation that the e~tent of 

desorption of the dye will be more in laponite system and 

lesser in mont rrorillonite system. 

However, nitrogen sorption study shows that the surface 

area of laponite is larger than that of montmorillonite '11) 

and so the e~change sites in the former are more widely spaced than 

in the latter as a result of vJhich the smaller inorgan.ic ions 

are unable to approach the e~chcnge spots effectively to displace 

the adsorbed dye from the laponite matri:x. ,.. 
It. is also observed that the amount of RG desorbed from 

Na-laponite-RG comple~ by CTMA+ or CP+ is greater than the smaller 
+ + ions (CH

3
)

4
N or (C H ) N • Since Na-laponite shows considerable 

2 5 4 

interlamellar swelling in an aqueous medium, steric and space 

factors do not influence the e~tent of e~change. As such from 

the observed isotherms (Fig. 45) it reveals that there is a 

regular increase in the affinitv of alkyl ammonium ions for 

laponite '\-lith increasing molecular weight and molecular size. 

Similar behaviour is found in chain lengths of the long chain 

surface ~ctive ions (Figs. 46, 47). This applies, to the adsorption 

of organic compounds by e~panding clay minerals in general and 

is ascribed to the increased contribution of van der Waals forces 

to the adsorption energy (12) and chan;;Jes in the hydration states 

of the ions in the clay interlayer (13,14). 
+ As in the desorption of RG from its montmorillonite 

comple~es, ~oth l/a
0 

and hydrated ionic radius of the alkaline 

ea_rth metal ions when polotted against· log (selectivity coefficient) 
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behave ~inearly (Fig. 48). While only l/a0 in the case of 

alkali ·metal ions yield a straight line when plotted against 

log '(:::;elect ivity coefficient) but show· non linear when log 

(selectivity coefficient) plotted against hydrated ionic radii 
.• 

'Fig. 48). Thus the l.],.near relationship of these parameters with 

log (selectivit" coefficient) mav be used to correlate anc1 

predict the relative affinities of the respective ions for the 

aluminosilicate surface. As mentioned earlier 'page 73) the 

obedience of the e:xchange data to the ~auley's model demonstrates 

that the coulombic interaction between the_counter ions and the 

fi:xed ionic groups is the predominant factor. in this type of 

e:xchange reactions. 
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SECTION - B 

Pesorption Studi~ 

+ 
Desorption of RB from Na-Laponite - RB." ' 

+ 
The e::xtent of RB desorbed from Na-laponite-RB comple::x 

bv various inorganic ions is much smaller than in Na-laponite-

~ systems (Figs. 50,51). This is probably due to combined 

+ 
effect of the stronger binding of RB ions onto the mineral 

reflected from Langruir bonding constant value and the weal<. 

desorbing pmrJer of the above ions owing to their relative shape 

and size vis-a-vis the widely placed e::xchange sites in laponite 

int erlaver. 

In the desorption study with organic ions the percentage 

of the dye released from Na-laponite-RB comple::x is lesser than 

from Na-lapon.ite-RG comple::x (Figs. 52-54). However, the desorp

tion of the dye increases with the size of the organic ions as 

in other cases. According to their order of the e::xchange power, 

as well as distribution and selectivity coefficients shc:Mn in· 
+ ~ + + + + 

Table 11 the ions may be arranged as Li L Na L K L NH 4 L Rb L Cs 

2 +2 +g +2 
for the monovalent ions, Mg L Ca Z Sr Z Ba for the bivalent 

ions, in inorganic electrolytes. 

According to their e::xchanging power, the organic ions 
+ + + + 

mav be arranged as TMA L TEA L TPA L TBA for the tetraa-lkyl-

+ +· + + 
ammonium ions and DDTMA L DDP 4 CTMA L CP for the monovalent 
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long chain surface active ions. The exchange isotherm with 
+ + + + 

DDP , DDTMA , CTMA and CP are S-shaped and may be explained 

+ 
as done earlier (page 69). Here also CP desorbs a greater 

.+ 
amount of dye fromCTMA due to its lower cere value. The 

desorption by CTMA+ and CP+ at the initial stages is the result 

of the competition between these electrolytes as single ions 

and the adsorbed dye ions. But as the concentration of the 

quarternary salts increases beyond the erne, the prcbability of 

' 
micelle formation increases in the bulk solution and in the 

adsorbed states. Consequently, the dye ions face a stronger 

competition and more readily displaced by the quaternaz:y 

ammonium ions. 

As noted in the case of other mineral systems, the extent 
+ . . 

of desorPtion of RG from its laponite complex, is higher than 

+ that-of RB from Na-laponite-RB complex, suggesting thereby 

+ 
a weaker binding to RG to this exchanger .. Such order in the 

. binding strengths of RB and RG has also been observed in 

montmorillonite and kaolinite systems. The higher bonding 

constant of RB+ sorption isotherm (page 11'3 ) compared to 

+ that of RG (page 1.12 ) also leads suPport to this conclusion. 

The plot of hydrated ionic radii' vs log {slectivity 

coefficient) though non linear in the case of monovalent 

inorganic ions, gives a straight line for bivalent inorganic 
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ions. However, a linear plot is obtained for monovalent and 

bivalent inorganic ions when their values 1/a
0 

are plotted 

against log (selectivity coefficient) (Fig. 55). A similar 

behaviour 't'Ias noted earlier in the other minerals studied. 



-121-

TABLE - 10 

Desorption characteristics of RG from Na-Laponite-RG 
~~~~~~~~~~~~~~------~·------~--------

~ respect to different ions 

Electrolytes Conce nt rat ion Distribution Selectivity 
used of Electrolyte Coefficient Coeff·icient 

lll Electrolyte 

'M) 
-8 

0.1 0.029 3.57 .X 10 
-·~ 

(M) 
-8 

LiC1 0.2 0.022 4.14 X 10 

'M) 4.37 
-8 

0.3 0.018 .X 10 

-8 
0.5 (M) 0.014 4.-11 .X 10 

'M) 
-8 

0.75 0.010 3.26 .X 10 

-8 
0.1 ~M) Oo.040 6. 93 .X 10 

<M) 
-8 

NaCl 0.2 0.027 6 .. 56 X 10 
-8 

~/ 0;.3 (M) 0.022 6.12 X 10 

(M) 
-8 o.s o.olS 5.23 X 10 

(M) 
-8 

0.75 0 .. 017 4.44 X 10 

(M) 
-7 

0.1 0.078 2.61 X 10 

(M) 
-7 

KCl 0.2 0.048 2.02 X 10 

0.3 {M) 0.036 1.72 
-7 

.X 10 

o.s (M) 0.025 1.39 .X 10 
-7 

0.75 (M) 0.018 1.10 X 1o-7 

-;f--
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TABLE - 10 (Contd •• ) 

Electrolytes Concentration Distribution Selectivity 
used of E 1ect ro1yt e Coefficient Coefficient 

0.1 (M) 0.063 
-7 

1. 6 9 :X 10 

(M) 1. 48 :X 
-7 

NH
4
Cl 0.2 0.041 10 

-7 
0.3 (M) . o. 033 1 .. 45 :X 10 

(M) 1.40 :X 
-7 

0.5 o. 025 10 

~ 
-7 

0.75 (M) o.o19 1.23 :X 10 

0.1 (M) 0.094 3.84 
-7 

:X 10 

-7 
RbCl 0.2 (M) 0.056 2.77 :X 10 

0.3 'M) 0;,042 2.28 :X. 10 
-7 

o.s \M) 0.028 1.75 :X 10 
-7 

-7 
0.75 {M) o.o21 1.50 :X 10 

::1./ 
-7 

0.1 'M) 0.138 8.32 :X 10 

(M) 0.082 5. 92 :X 
-7 CsCl o.z 10 

(M) 
-7 

0.3 0.061 4. 92 :X 10 

(M) 
-7 o.s 0.041. 3.83 :X 10 

(M) .o. 029 
-7 o. 75 2. 94 :X 10 
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TABLE -19 \Contd •• ) 

Elect rolvtes Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

2:1 Electrolyte 

(M) 
-6 o.os 0.449 1. 94 :X 10' 

<M) 
-6 

MgC12 0.10 0.327 1. so :X 10 

-.A( (M) 
-6 

0.20 0.236 1.14 :X 10 

(M) 
-7 

0.30 0.196 9.82 :X 10 

(M) 
-7 0.40 0.172 8. 7 9 :X 10 

-6 
o. 05 (M) 0.468 2-21 :X 10 

-6 
CaC1

2 
0.10 'M). 0.342 1. 73 :X 10 

0.20 (M) 0.247 1.30 :X 
-6 

10 
-6 

0.30 ~M) 0.205 1.13 :X 10 

~ -6 
0.40 (M) 0.181 1.02 :X 10 

o. 05 (M) 0.476 
-6 

2.32 :X 10 

(M) 
-6 

SrC12 
0.10 0.344 1.75 :X 10 

(M) 
-6 

0.20 0.252 1.38 :X 10 
-6 

0.30 \M) 0.210 1.20 :X 10 

0.40 {M) 0.183 
-6 

1.07 :X 10 

~-
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TABLE - 10 {Contd •• ) 

Electrolytes Concentration Distribution· Selectivity 
used of Electrolyte Coefficient Coefficient 

o.o5 (M) 0.526 3.15 :X 10 
-6 

BaC12 (M) 
-6 

0.10 0.385 2.48 :X 10 

0.20 {M) 0.280 1.9i :X 
-6 

10 

(M) 
-6 

--<. 0.30 0.231 1.62 :X 10 
-6 

0.40 {M) 0.202 1.44 :X 10 

Quaternarv Ammonium 

~ 

o.o5 (M) 0.189 7.67 :X 10 
-7 

.TMABr 0.10 (M) 0.151 9.87 :X 10 
-7 

(M) 
-7 

0.20 0.104 9.46 :X 10 

(M) 
-7 

' 
0.30 0.075 7.53 :X 10 

~ -7 
0.40 (M) 0.066 7.73 :X 10 

0.05 (M) 0.415 3.78 :X 10 
-6 

(M) 
-6 

TEABr 0.10 0.302 .4.06 :X 10 

0.20 'M) 0.204 
-6 

3.79 :X 10 

0.30 {M) o. i57 3.40 :X 10 
-6 

0 .. 40 {M) 0 .. 132 
-6 

3.23 :X 10 

.... 
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TABLE- 10 'Contd •• ) 
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' TABLE -10 {Contd •• ) 

Electrolytes Concent rat ion Distribution Selectivity 
used of Electrolyte Coeff ic ie nt Coefficient 

-4 -2 
2 :X 10 {M) 709.10 5~49 :X 10 

-4 
'M) 481.57 5.63 :X 

-2 
CTMABr 4 :X 10 10 

6 :X 10 
-4 

~H) 373.37 5.4 8 :X 
-2 

10 

-4 
(M) 

-2 
-A(_· 

8 :X 10 295 .• 68 4.73 :X 10 
-3 -2 

1 :X 10 (M) 245. 94 4.19 :X 10 

-4 -2 
.1 :X 10 'M) 472.97 1.02 :X 10. 

-4 
'~) 1.,37 

-2 
DDPBr 2 :X 10 378.18 :X 10 

-4 
\M) 3 :X 10 294.09 1.27 :X 1o-2 

-4 
(M) -2 

4 :X 10 252.63 1. 2 8 :X 10 

-4 (!vl) 
-2 

5 :X 10 220.54 1.24 :X 10 

~-
-4 -2 

1 :X 10 'M) 1009.00 5.12 :X 10 

-4 (M) cPBr 2 :X 10 866.68 8.76 :X 
-2 

10 

-4 {M) 
-2 

3 :X 10 7o5.85 9.48 :X 10 

4 :X 10 
-4 

\M) 576.31 8.83 :X 10 
-2 

-4 
(M) -2 

5 :X 10 492.38 8. 3 9 :X 10 
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TABLE - 11 

Desorption characteristics of RB from Na-Laponit e-RB 

with respect to different ions. 

--~---------·-------------------------------------

" 

Electrolyte Concentration Distribution Selectivity 
used of Electrolyte Coefficient Coefficient 

1; 1 Electrolyte 
-9 

o.1 (M) 0.012 9.45 :X 10 

LiCl 0.2 (M) o.o1o 
-9 

9.92 :X 10 

0.3 (M) o.oo8 
-8 

1.56 :X 10 
-8 

o.s (M) 0.006 1.33 :X 10 
-8 

0.75 (M) 0.005 1. 21 :X 10 

-8 
0.1 (M) 0.017 1.85 :X 10 

-8 
NaC1 0.2 (M) 0.013 2.08 :X 10 

'M) 
.-8 

0.3 o.o1o 1. 98 :X 10 
-8 

o.s (M) o.oo7 1. 82 ·:x 10 

(M) 
-8 

0.75 0.005 1. 64 :X 10 

(M) 
-8 

0.1 0.037 8.82 :X 10 
-8 

KCl 0.2 (M) o. 023 6.50 :X 10 
-8 

0.3 U·O 0.017 5 .s 9 :X 10 

(M) 0.012 3.68 :X 
-8 

0.5 10 

(M) o.oo8 
-8 

0.75 3 .. 30 :X 10 
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TP,BLE - 11. (Contd •• ) 

Elect. rolytes Concentration Distribution Selectivity 
used · of electrolyte Coefficient Coefficient 

0.1 \M) 0.042 
-7 

1 .. 33 :X 10 
-8 

NH4Cl 0.2 (M) 0.026 8.79 :X 10 

(M). 
-8 

0.3 0.020 7.31 :X 10 

(M) 5. 66 :X 
-8 

.( 
0.5 0.013 10 

-8 
o.75 <M) 0.009 1.97 :X 10 

-7 
0.1 (M) 0.049 1.48 :X 10 

-7 
RbCl 0.2 (M) 0.029 1.07 :X 10 

-8 
0.3 (M) 0.021 8.75 :X 10 

-8 o.s (M) 0.014 6.64 :X 10 
-8 

0.75 (M) 0.010 5.37 :X 10 

d( 
·-' 

-7 
0.1 (M) 0.055 1. 92 :X 10 

-7 
CsC1 0.2 (M) 0.033 1. 36 :X 10 

-7 
0.3 (M) 0.025 1.18 :X 10 

-8 
0.5 (M) 0.017 9.50 :X 10 

-8 
0.75 (M) 0.013 7.86 :X 10 
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TABLE- 11 (Contd •• ) 

Electrolvtes Concentration Distribution Selectivity 
used of electrolyte Coefficient Coefficient 

---
2;1 Electro~yt e 

(M) 
-7 

0.05 0.294 7.99 X 10 

MgCl
2 'M) o. 22"8 7.34 

-7 
0.10 X 10 

~ -7 
0.20 \M) 0.172 6.35 X 10 . 

-7 
0.30 (M) 0.144 5.60 X 10 

0.40 (M) 0~127 5.o7 x 10 
-7 

-7 
0._05 (M) 0.316 _. 9.83 X 10 

-7 
CaCl o.1o 'M) 0.241 8.70 X 10 

2 

0.20 (M) 0.179 7.17 X 10 
-7 

-v-,\ 
0.30 (M) 

-7 
0.150 6.37 :X 10 

0.40 (M) 0.132 
-7 

5.82 X 10 

-6 
0.05 ~M) .o. 328 1.09 X 10 

(MY 
-7 

SrC1
2 

0.10 0.249 9.56 E 10 

(M) 7.91 :X 
-7 

0.20 0.185 10 

'M) 
-7 

0.30 0.155· 6.99 X 10 

0.40 (M) 0.136 6.37 :X 10 
-7 

' 



-130-

~-
TAB~~~ (Contd •• ) 

Electrolytes Concentration Distribution Selectivity 
used of electrolyte Coefficient Coefficient 

o. OS {M) 0.340 
-6 

1. 21 :X 10 

Bac1
2 

o.1o (MY o._255 1.03 :X 
-6 

10 

(M) 
-7 

0.20 0.192 8.90 :X 10 

-( 0.30 (M) o._l63 8.10 :X 10 
-7 

-7 
0.40 'M) 0.145 7.60 :X 10 

Quaternary- Ammonium 

Salt -8 
o.05 (M) 0.031 2· 95 X 10 

~M) 
-8 

TMABr 0.10 0.031 5. 92 :X 10 

(M) 0.018 4.26 :X 
-8 

0.20 10 

:x" 10 
-8 

f 
0.30 (M) 0.021 8. 75 

-8 
. 0.40 (M) 0.018 8.5 8 :X 10 

-7 
0.05 (M) 0.093 2.67 :X 10 

(M) 
-7 

TEABr 0.10 0.062 2.38 :X 10 

(M} 
-7 

0.20 0.054 3.67 :X 10 

0.30 (M) 0.049 4.63 :X 10 
-7 

0.40 'M) 0.054 7.4 7 :X 
-7 

10 
' 

-1!1--
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TABLE- 11 (Contd •• ) 

Electrolytes Conce nt rat ion Distribution Selectivity 
used of _Electrolyte Coe ff ic ient Coefficient 

-7 o. 05 (M) 0.124 4 .. 76 :X 10 

(M) 
-7 

TPABr 0.10 0.124 9.62 :X 10 

-6 
0.20 (M/ 0.107 1. 45 :X 10 

(M) -6 
0.30 0.117 2. 64 :X 10 

--( -6 
0.40 (M) 0.123 4.04 :X 10 

-5 
0.05 (M) 0.077 1. 96 :X 10 

-5 
. TBABr 0.10 (M/ 0.670 3.08 :X 10 

0.20 (M) 0.488 
-5 

3. 4 7 :X 10 

(M) 3.29 :X 
-5 0.30 0.382 10 

-5 
0.40 (M) 0.321 3.20 :X 10 

~ -4 -3 
2 :X 10 (M) 93.46 1.09 :X 10 

-4 -3 DDTMABr 4 :X 10 (M) 93.23 2.26 :X 10 
-4 -3 

6 :X 10 (M) 84.87 2.88 :X 10 
-4 -3 

8 :X 10 \M) 85.26 4.00 :X 10 
-3 -3 

1 :X 10 (M) 77.57 4. 14 :X 10 
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--~-- TABLE - 11 ~Contd • .-) 

------
Electrolytes Concentration Distribution Selectivity 
used of electrolyte Coefficient ,coefficient 

---
-4 

2 :X 10 (M) -2 
341.27 1.60 :X 10 

-4 
(M) CTMABr 4 :X 10 310.77 2. 95 :X 10 

-2 

6 
-4 

(M) -2 
:X 10 242.87 2.83 X 10 

s :X 
-4 

(M) 193.77 
-2 

10 2.45 :X 10 
~ -3 

l0-2 1 :X 10 (M) 158.25 2. 05 :X 

-4 -3 
1 :X 10 (M) 186.18 2.18 :X 10 

-4 
(M) DoPBr 2 :X 10 155.07 3.10,·,.:x 10 

-3 

-4 -3 
3 :X 10 \M) 144.77 4.13 :X 10 

-4 -3 
4 :X 10 \M) 108.52 3.68 :X 10 

-4 \M) 
-3 

5·:x 10 124 ·2 9 3.16 :X 10 

~·-

-4 
(M) 775.77 

-2 
1 :X 10 4.21 X 10 

-4 -2 
CPBr 2 :X 10 (M) 697.84 7.69 :X 10 

3 :X 10-4 (M) 568 .. 52 8.19 :X 10 
-2 

-4 
(M) 

-2 
4 :X 10 488~ 37 8.53 :X 10 

-4 
(M) -427.88 

-2 
5 :X 10 8.56 :X 10 

--------
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CHAPTER VII 

Effect of Temperature on the Adsorption 

of eye~_by Aluminosilicat~. 

Acc.ording to thermodynamic principles the adsorption 

process should be exothermic since it is associated with decrease 

in e'ntropy and free energy. In fact evolution of heat had been 

observed by gas adsorption on clean surfaces and on other 

substrates. Yung Fang and Yu Yao·. (1~ have observed that 

adsorption of n-proPyl, n-butyl, n-affi¥1 amines, tridecyl amine 

and water in their Vapour states on oxidised and reduced iron 

surfaces is exothermic. 

The adsorption of sphere-like molecules on graphitised 

carbon black (2), benzene on Cr-Al-K Catalyst· (3) is similarly 

exothermic. The heat of_adsorption varies in some cases with 

the amount of adsorbate, while in others it does not. By plott

ing the heat of adsorption against the percentage of surface 

covered Kevorkian et al (4) obtained irregular graphs which 

they accounted by assuming surface heterogeneity. The adsorption 

study of neopentane and carbon teirrachloride on carbon black 
0 

graphitised at 3000 c, shows similar results. The heat of 

adsorption plotted against amount adsorbed shows a maximum. 

This has been explained by suggesting that the molecules are 

adsorbed in a non-localised fashion and that they interact 

strongly with each other in the adsorbed layer. 
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Yung Fang and Yu Yao (1) have also observed that the 

graph of heat of adsorPtion against the amount of amines 

adsorbed on reduced and o~idised iron surfaces consists of 

two plateaus. The first one corresponds to the heat of 

chemsorption and second one to physical adsorption. But the 

results of adsorption of Cyc lohe~ane on Cr-Al-K catalyst 

0 0 0 
at 20 , 50 and 150 . (5) show that the heats of adsorption 

are of the order of 10.3 k calsjmol and independent of surface 

coverage. The differential heats of adsorption of n - c5H11 

and n - c6H
14 

on Baso4 (6) have been found to be almost constant 

till the surface is half filled, then they gradually decrease 

with increase on adsorption because of surface heterogeneity.

In the solution phase, however, endothermic adsorption 

processes have often been encountered. The adsorption of crystal 

violet by hydrated ferrico~ide (7) and Chromic o~ide Sol '8) 

and that of Congored and fucshine by hydrated thorium o~ide 

Sol (g) are endothermic. 

Giles, Eastone, and McKay (10) have observed that certain 

dyes e.g. magenta and ethyl violet are adsorbed on alumina 

with aBsorption of heat, ,.,h_:Lle sa;t:ranine T and Rhodamine 6B are 

adsorbed with evolution of heat. No heat change was however, 

obvJerved with methylene blue, rhodamine 3B and rhodamine B. Again 

with victoria pure blue, negative heat of adsorption has been 

noticed at low coverage while at high coverage heat has been 

evolved. 
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Giles et al (11) found that the values of heat of 

adsorption of dyes from their aqueous solution on inorganic 

surfaces ranged between -1.00 and -10.00 Kcal/mole. In the 

adsorption of some dyes on cellulose acetate the successive 

heat changes· were examined quantitatively by Majury (12 )_. De 

(13) studied the effect of" temperature on the adsorption of 

methylene blue, malachite green ar;.d crystal violet in aqueous 

solution of Na-Kaolinite and Na-Bentonite. They found the process 

to be endothermic for malachite green and crystal violet whereas 

no appreciable difference was noticed in· the case of methylene 

blue. Narine and Guy ( 14) recorded a decrease in adsorption of 

methylene blue by Na-Bentonite from 69.3 ± 3.0 to 64 ± 3.0 to 

64 + 2 .o meq per 100 gm of the clay, when tenperature was changed 
0 0 

from 3 C to 55 C • In the study of the effect of temperature of 

some thiazine dyes with clay minerals by Sunwar (15) it has been 

noticed that adsorption process of the thiazine dyes on mont-

moril~onite and kaolinite is ex9thermic in nature put in case 

of vercniculite the exothermic nature of the· curves are altered 

with change in te rrperat ure a rrl concentration. At low concentra-

o 0 
t ions the sorption isotherms at 23 C and 40 C show exothermicity 

but at higher concentration these curves exhibit endothermicity. 

According to the idea of Ba_rtell, Tudor and Yung Fu ( 16) 

~hough the adsorption process itself is exothermic the solubility 
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of the adsorbate and its temperature dependence are the signi

ficant factors which control the resultant heat of adsorption. 

Thus, ~ccording to them, if the solubility of a substance is 

inversely related to temperature, the amount adsorbed would 

increase with rise in tem]?erature, and if the solubility 

increased with temperature the effect would be the opposite. They 

observed the adsorption of some lo\111 molecular weight aliphatic 

substances on carbon to be. exothermic at low concentration while 

endothermicity was found at higher concentration. At higher 

concentrations the effect of temperature on solubility was 

supposed to be more influenced. 

Mundhara etal (17) on the study of adsorption of brilliant 

0 
cresyl blue and safranine-T on Tin o:xide substrats at 30-60 C 

found the adsorption process to be exothermic at lower concen-

tration but endothermicity at higher concentration of the dyes. 

They also attributed the end~thermic bonding to an increase in 

the. number of availab:).e sites with tempe.rat ure as a consequence 

of dissociation of the dye ?ggregates in the substrates. The 

heat of adsorption values were 23-80· KJjmole fo~ brilliant cresyl 

blue and 17-26 KJjmole for safranine-T. They suggested that 

concurrence of more than one reaction was responsible for these 

variable heats of adsorption values. 

According to Giles et al (10) the apparent endothermic 

nature of the adsorPtion is a result of aggregation of the 

dye molecules (18) in the solution. They found the adsorPtion 

of janus red and lassamine green from their aqueous solution 
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on inorganic surfaces to be an endothermic react ion. Hajela 

and Ghosh (7) have also remarked that association of dye 

molecules in aqueous medium affects the heat of adsorption. 

According to them, as the disassociated dye molecules are 

gradually taken up by the adsorbate, more and more of the 

aggregated dye molecules in solution are dissociated into 

simpler forms. At each stage the heat of dissociation of the 

aggregated dye molecules is included in the e:xperimental heat 

of adsm:ption. The heat of adsorption is, therefore, controlled 

by several factors such as solubility, association and actual 

process of adsorption itself. 

·From the values of the heat of adsorption, the nature 

· of bonding namely, whether chemical or physical both of the 

adsorbed species with the substrate surface can be judged \3). 

Very little data are available· in the literature on the heat 

of adsorption of the dyes by alumino silicate minerals in the 

form of suspension. In order, the ref ore, to provide some informa

tion on this subject adsor:pt ion measurements \'Jere carried out 

at different temperatures with montmorillonite and kaolinite in 

suspension and RG and RB as adsorbates. The e~erimental procedure 

has already been described in Chapter III page 55. 
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Sorption o~·Dyes oi Na-Montmorillonite 

and Na-Kaolinite 

+ + 
The temperature dependence of adsorption of RG and RB 

on Na-montmorillonite and Na-kaolinite is represented graphically 

by drawing the respective isotherms. The heat of adsorption was 

calculated using the equation; 

where c
1 

and c
2 

are the concentrations of the dye in solution 

phase at temperature T
1 

and T
2 

for the same amount of dye 

adsorbed. 

+ 
Sorption of RG on Na-montmorillonite' 

Fig. 59 represen·ts the adsorption i·sotherms of RG 
0 0 0 

on Na-montmorillonite at 23 , 38 and 68 C and the inset shows 

the plot of heat values against the amount of dye adsorbed. 

The nature of the curves remains unchanged with increase in 

ter:tlJerat ure and the amount adsorbed decreases with increase in 

temperature indicating the process to be exothermic. All the 

isotherms are of Langmuir type. Introducing the values of c1 
0 0 

and c2 for temperature 23 and 68 C from the graph the heats 

cif adsorption were calculateq according to the above mentioned 
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equation. The results are shown in table 12. It is found that 

there is variation of the amount of dye adsorbed with the heat 

of adsorption so it is not ·a constant quantity. It shows a 
, 

minimum at a certain value· of the .dye adsorbed indicating 

probably to a situation when the monolayer or when the adsorption 

value approaches the cation exchange capacity of the mineral. 

From the sorPtion isotherm ·it is apparent .that the slope gradually 

decreases With rise in solute concentrations. This is because of 

the-,fact that the adsorption first takes place on the higher 

ene·rgy sites of the::: aasorbent and wi~h the progress in adsorption, 

the vacant sites become more difficultly accessible. As a 

consequence the heat of adsorPtion decreases. The heterogeneity 

of the montmorillonite surface and the co replications in actual· 

systems cause a progressive diminution in the heat of adsorption 

as the surface coverage increases, long before the; moqolayer 

is complete ( 19). It has been pointed earlier that the experimental 

heat of adsorption is the net result of several precesses such as 

solubilit~y, associ at ion of the dye molecules etc. lilhere heat may 

be evolved or adsorbed. In the present study the heat of adsorp

t·ion is positive. Whereas in the earlier work reported by De '13) 

this value has been found to be negative. The sorption isotherms 

have been drawn at equilibrium concentrations that fall mostly 

within the monomolecular range of the dye. The values of heat of 

adsorption in this case lie between + 1.25 to+ ·2.S9 K cal per 

mole and calculated values are shown in Table 12. 



,..,..,...
- 'l. 

-+ 

I 
----!!"' 

-140-

+ 
Sorption of RB on Na-montmorillonite 

The adsorption isotherms of RB on Na-ffiontmorillonite at 
0 0 0 

23 , 38 and 68 are shown in Fig. 60. The chcnge in temperature 

does not cause any change in the nature of the curves. It is 

observed that -the arrount adsorbed decreases with ri_se in tern... 

perature as in the case of RG sorption. From the plot of heat 

of adsorption in Kcaljmole vs amount· adsorbed in meqjlOOg a 

minimum is obtaining at a particular value of the dye adsorbed 

and this can be e:xplained in similar manner as in the case of 

sorPtion ofi RG considering the equilibrium concentrations of the 

isotherms to be in the monomolecular range. Also the heat of 

adsorPtion lies in the range of + 1.91 to+ 4.25 Kcaljmole 

(Table 12) which is higher than that observed in Na-llt:>ntmorillonite. 

RG, __ suggesting a stronger binding of the forrrer to the clay. The 

desorption studies of the dyes from their clay mineral comple:xes 

\oJith various electrolytes also confirm this conclusion. 

Sorption of Dyes on Na-kaolinite -- --
Sorption of RG + and RB + 

+ + - 0 0 
. Isotherm of ·RG and RB on Na-kaolinite at 26 , 46 , 

0 
70 are displayed in Fig. 61 and 62 respectively. All the 

isotherms are of Langmuir type. The values of c 1 and c2 for 
0 0 

temper~tures 26 C and 70 C are found out from the graph from 

Which the heat of adsorption was calculated according to the 
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equation given in page 1..'3'8 <Table 13 ) .. It is found that t11e 

heat of adsorption changes with quantity of dye adsorbed but 

. the nature of the sorption remains unchanged at different 

temperature and the adsorption ~rocess in e:xothermic. 

It is interesting to note that in kaoliqite the plot of 

heat of adsorPtion values against the amount of RG adsorbed 

does not show a distinct minimum as has been obtained in 

montmorillonite but .increases progressively with. adsorption. 

This is probably due to the adsorption of the dye in the form 

of aggregated species, which results in .the sorption. of dye 

bevond the c. e.c. of the mineral at an early stage when the 

equilibrium concentration is t·ill quiet low. 

The heat of adsorption of RB is greater than that of 

RG which suggests higher affinity of the former t_han of the 

latter to the mineral systernse The desorption studies of the 

dyes also support this view which have been discussed in the 

previous,chapters. 
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Heat of adsorption when various quantities of 
dves are sorbed onto aluminosilicates. 

Name of 
t.he Dye 

RG 

rm 

(Sorption of Na-montmoril1onite) 

Amount and Concentration 
dye sorbed C1 at tempera-
in meq/100 gm ture 

0 
T1=23 C 

75 
-5 

0 • 95 .X 10 ' 'l-1} 

80 
-5 

1.8 .xlO 'M) 
-5 

85 2. 9 .x10 \H} 

-5 
4. 3 .x 10 ~M) 

-5 
;#5 6 .xlO (M) 

-5 
97.5 7 .xlO \M} 

65 1 
-5 

.xlO 'M) 

-5 
70 1.7 .x10 'H} 

C" 

-::>-
75 3 .xlO (M) 

-5 
80 4.6 .xlO (M) 

-5 
85 6.5 .x10 (M) 

87.5 
-5 

8 .x10 \H) 

Concentration 
c2 . at t_empera-
ture 0 
T

2
=68 C 

-5, 
1. 7 :x10 \M} 

-5 
2 • 85 .xlO \M)i 

. -5 
4.1 .xlO (M) 

-5 
5. 7 .xlo 0•1} 

8.1 

2. 6 

-5 
.xlO (M) 

. -5 
.x 10 (111) 

-5 
.x10 \H) 

-5 
4 .xlO 'H) 

-5 s.s .xlO 01) 

-5 
7.4 .xlO (H) 

.-4 
1 .xlO 'M) 

-4 
1.4 .xlO (M) 

Heat of 
-adsorption 
in Kca1jmol 

2. 59 

2.04 

1.53 

1..25 

1.33 

1.4o 

4.25 

3.80 

2.69 

2-11 

1.91 

2.48 
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Heat of adsorption when various quantities 
o£ dyes are sorbed onto aluminosilicates 

Name of 
the Dye 

RG 

(sorption on N a-Kaolinite) 

Amount of 
dye sorbed 
in meq/loOg 

4.5 

5 

5.5 

6 

4 

4.5 

5 

5.5 

6 

Concentration 
cl tempera-
ture 0 
T 1=26 C 

-5 
0 .. 5 xlO 'M) 

-5 
o.~ :x10 ~H) 

-5 
1.65 :xlO ~H) 

-5 
2.78 xlo 01) 

-5 
3.7 X 10 0·1) 

-5 
0.2 xlo 

-5 
o .. e x1o 

-5 
1.28 :<10 

-5 
1. 95 :xlO 

,-
-::> 

3.3 xlo 

Concen tr at ion 

c2 at tempera-

ture 
0 

'f2=70 c 

-5 
0.7 xlO 

-5 
1 .. 3 x1o 

-5 
2.5xl0 

-5 
4.8 X 10 

-5 
6.6. X 10 

-5 
0.3 xlo 

-5 
1.1 X 10 

-5 
1.9 :xlo 

-5 
3~25 xlo 

-5 
6 :xlO 

------
Heat of 
adsor::Jtion 
in Kcal/mol 

---
1.55 

1.70 

1. 92 

2·49 

2-67 

1.87 

1.47 

1.82 

2.35 

2.76 
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a-I~TER VIII 

,. 

So~Ption of Brilliant Cresyl Bl~~-~i~.=,~ 

aluminosilicates. 

The sorption of two Xanthene Cationic dyes viz. H.G and 

RB have been studied on the Na-form of different aluminosilicates 

in previous chapters (IV, v, VI). From such study it reflects 

that although the sorption of the cationic dyes takes. place 

. primarily. by ion e:xch an;re process '1) but [las rather been compli

cated bv other factors such as molecular size, molecular geometry 

' <2), d're-dve interact ion· (3), besides of course the surface 

ch2r2cteristics of the sorbent. Also from the structural point 

of view (pages 46,47} the o:xazine dye BB differs from that of 

gg and HB. rrhe present study discussed below aims to find the 

adsorption characteristics of BB .. On different aluminosilicates 

and thus to gain an insight into the effect of molecular size, 

space and d1arge of the adsorbate ions on e:xchange processes. 

+ 
Sorption of BB on Na-montmorillonite at pH 7: 

The adsorption of Brilliant Cresyl Blue on Na-montrmorillo

nite is shown in Fig. 63 (a). The isotherm belongs to the H or high 

affinitv class of Giles et al '4) indicative of strong adsorbate-

adsorbent ,int·eract ion· and of specie!=l adsorbed flat on the surface. 

The adsorption data is seen to fit into linear form of the Lang rruir 
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adsorption equation. The plot of c;~ vs C where C is the equili-

brium concentration of BB and :x is the amount adsorbed per 100 gm 

of the-adsorbent yields a linear graph (Fig·. 63(b). The value of 

Vm calculated from the slope of the linear graph L-Fig. 63 \b)J 

-m.e'J.f9. 
is equal to , 125Awhich is more than cation e:xchange capacity of the 

mineral viz. 86 meqjlOOg and the. ma:xirrum sorption of the dye 

corresponding to the flat portion of the isotherm ~i.e. 121 meqj 

lOOg). The e:xcess uptake of the dye mav be e:xpla ined by assuming 

multilaver formation of the adsorbed .dye molecules due. to dye-dye 

interact ion and so:rption of aggregated cation (3) on the montmorillo-

nit-e surface. UPto cation e~change caPacity, the adsorption is 

most lv due to ionic and van der \'iaals forces and beyond it van der 

Waals forces predominates. The Langmuir bonding constant of the 
5 

dye to the mineral is. 2.17 :x 10 • 

+ 
So~tion of BB on Na-Kaolinite; ---------

+ 
The sorption isotherm of BB on Na-Kaolinite L-Fig. 64~a)_7 

is also of the Langmuir type indicating flat orientation of the 

adsorbed dyes on to the mineral .. Accordingly the plot of C/:x vs 

Cis linear L,-Fig. 64(b) J· From the slope of the line, the value 

of V m is _found to be 8 •. 1 rreqjlOOg as aga_inst the ma:ximum adsorption 

of the dye 7.8 meq/lOOg obtained from the isotherm. Both the values 

2.re higher than the cation e:xchange capacity value of Na-kaolinite. 

This is probably due to sorption of aggregated ions .from the 

solurion or dimerisation or stacking of the dye· ions over the 
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ones already present in the adsorbed state. The computed Langmuir 
+ 5 -1 

constant for the BB on to Na-kaolinite is -equal to 1.7 xlO M • 

.... 
Sorption of BB on Na-Laponite at pn 8.5 

+ 
The adsorption isotherm of BB on Na-I.~aponite is shown in 

Fig. 6S(a). The plot of c;x vs c, where cis the equilibrium 
+ 

concentration of BB and x is the amount adsorbed per 100 gm of 

adsorbent, produces a good straight line k-Fig. 6S(b)_7. This 

indicates that t-he sort.;>tion data conform to the Langmuir equation 

suggesting a monolarer adsorption. Both the value of Vm (120 meq/ 
5 

lOOg) and the amount of dye exchanged at 7 xlO (M) equilibrium 

concentration \117 maq/100 gm) are far in excess of the cation 

exchange capacitv 88 rneq/lOOg of the mineral. The top port ion of the 

isotherm attained a plateau upto the concentration used in this 

study. This type of characteristics is however not found with 

the dye in montmorillonite. Since Laponite can swell to an 

unlimited exte~, the dye rrolecules get sufficient space for an 

easv ent:ty into the interlamallar region and st~c~ themselves 

to form a bilayer or multilayer. Also the higher aggregation 
+ 

tendency of the BB in aqueous medium favours the process. The 

calculated Langmuir ·bonding· oonstant of the dye to the mineral 
5 -1 

is 1.51 X 10 M • 

It has been found the maximum adsorption stu~ of BB+ 

in respect to all the above three minerals is higher than each 
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of their respective cation exchange capacities of the mineral and 

also it is higher than that of RG and RB in respect of above 

mentioned study (pages 59, 91, 112). This type of behaviour of 

BB compared to that RG or RB is possibly due to the influence of 

its lesser size and stronger tendency to form aggregates in 

solution as well as in the adsorbed state. As a consequence when 

adsorption takes place from their solutions BB is adsorbed with. 

large fraction of the aggregates than RB and RG at any particular 
+ 

concentration thus accounting higher adsorption of BB with respect 

of those different minerals as studied. Monomer-dimer dissociation 

canst ant values of respective dyes are also in conformity wit'h the 

above values. 
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CHAPTER IX 

Spectrophotometric study of' Dye Jlggf'egation 'on clay surface 

· . Int ermolecu;Lar interact ions can have a pronounced effect 

on the absorption spectrum of a molecule. It has been nqticed that 

certain zwitterionic compound produced changeS in colour by changing 

solvent resulting change in ·') value _also~ This effect is not 
~~X . 

chemical in origin but re·sults from physical interact ion between 

the solute and the solven;t. 

Solvent-solute interactions can have various influences 

on an_absorption EPectrum. Thus the position and intensity of a 

band may vary as mav' the band- width and in some cases the appear-

ance or disappearance of vibrational fine structure may be observed. 

The interaction of a solvent with a molecule is greatest 

for pol;:>r ·solvents, i.e. those Which possess a strong permanent 

dipole. The interaction is also more pronounced if the solute 

molecule ·also possesses a permanent dipole and the solvent mole":" 

cules then dispose themselves about the solute to mini~ise the 

energy of the system. This results a net stabilisation of the 

ground state of the solute molecule. When the solute absorbs 

radiation the e:xcited. state is less polar than the ground state 

or has a different charge distribution, the temporarily frozen 

sol vent cage may not be correctly disposed to st abilizjle the 

excited state efficiency. Thus we find that the solvent lower the 

energy of the ground state more than the e:xcited state and relative 
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to the idealised vapour state spectrum, the solvent procluces a 

hypsochromic shift. 
-

In manv coloured molecules however, the ground state is 

less polar than the excited state, and thus a polar solvent will 

tend to stabilise the excited state more than the ground state, 

giving rise to a bathocbromic shift. 

The adsorption of dyes on. solid substrates can be regarded 

as a special case of solvent-solute interaction and the adsorbed 
/ 

molecules are generally strongly retained in. a highly polar 

environment. Dramatic perturbation due to adsorption is found 

in the case of organic molecules on silic.a gel \1,2). This silica 

gel acrs as a super-polar solvent and large shifts of aBsorption 

bands can often be observed. Manv organic dyes in aqueous solution 

show an anomalous spectro~copic behaviour and do not appear to 

obey Beer's law at higher concentrations. Thus the absorbance of 

the solution does not increase linearly with increasing concentra-

tions but falls below ·the expected value. This effect can be 

ascribed to aggregation i.e. the formation.of ?J-rrers, trimers, 

higher aggregation of dye molecules. The changes in the appearance 

of the absorption spectrum due to these aggregates are caused by 

the sarre effects as.those operating in the solid state. 

The structural character and the position of absorption 

bands depend on the nature of the solvent. Generally, polar solvents 

tend to shift the p~sition of the bands, and diminish the vibrational 

structure of the bands. Burawoy (3) first employed solvent effects 
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for the characterization of electronic transition. These ideas 

have beEm revived by Kasha. (4) and McConnell (5) who· have suggested 

that solvent effects may be of value in distinguishing between 

lT-"'11* and --n__, n,._transitions. Polar solvents generally (but not 

always) shift tlJ.e fl---) n~ transit ion to longer v-1ave length (red 

''Shift). The vibrational structure of some 1T-?i1_.. bands is retained 

even in polar solvents. While the wave lengths of the n-4- n'lt bands 

are generally found to decrease (blue shift) v-1ith the increase in 

polarity of the solvent. The· vibrational structure of n_,..-n*" bands 

is completely blurred in polar solvents. 

It mav be generalized that the absorption band of almost 

? 11 org .=mic molecules normallv found in the near ultra-violet 

and .visible region arise fr?m either n~ ~~~· or 1f~1Tff transit ion. 

The 1T-4 1T
1
.,. ·transition may be very intense (allowed) or vJeak. 

\.forbidden). But the Yl"-"' 1l'lf- transitions are gen~rally forbidden 

and consequently of vJeak. intensity. 

'rhe wave length and the intensity of absorption bands are 

both affected when a molecule is in a solvent envi ronme·nt conpared 

with its spectrum in the gas phase. This is due to the unequal 

perturbation of the ground and the e:xcited states of the molecule 

which dep~nds on the solvent-solute interaction in the two states. 

Bayliss (6) has made a quantitative approach to the study of 'solvent 

effects on the absorption spectra. Bayliss and McRae (7 Y have 

e:xplained solvent effects on· absorption spectrum qualitatively 

in terms of dipole-polarization and bydrogen bonding forces between 
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the solute and sol vent superi aposed on one another .. 

A general polarization red shift which is due to the solvent 

polarization by the transition dipole and which depends on the 

solvent refractive in9e~, is observed in the electronic spectra 

of all organic molecules in solution .. vfhen the solute is polar 

other effects due to dipole-dipole and dipole polarization forces 

come into operation. Application of the Frank-Condon principle 

shows that the solvent cage around the solute molecules is strained. 

This consists of orientation - strain and packing strain of which 

the former is more irrportant in the case of polar solute and polar 

solvent. A decrease in the dipole moment of the solute during 

transit ion leads to -a blue shift of the absorption ma~ima. On the 

other hand if the dipole moment increases during transition the 

absorption ma~ima will have a red shift. 

Clays are -known to adsorb basic dyestuffs from their 

aqueous solutions. Reciprocal Langmuir plots are generally linear 

indicating a monol.ay er adsorPtion of these dyes (8 ) • This adsorbing 

ability of the clay minerals is attributed to an ion-e~change 

process. But many clays, particularly of the swelling type viz. 

bentonite, are found to adsorb dye molecules well in e~cess of 
' ' 

their respective e~change capacities. Various e:xplanations for 

this behaviour have been proposed amongst which one is based on 

aggregation of dye molecules .. An evidence of such aggregation 

follm-Js from an e~a'minat ion of the metachromatic shift in the 

spectrum e:xhibit_ed by certain dyes (9-11) when sorbed on surfaces 

of colloid~l pMrticles. Coven and Weissbein \12) provided a 

electron microscopic evidence for the dye association on te~tile 



~. 

-152-

materials. Bergman and o•Konski ~10) studied the metachromasy 

of methylene blue sorbed on bentonite and concluded that dim=ri-. 

zation of the dye talces place on clay surface. However these 

studies were carried out with a dye which is known to dimerize 

in solution at high concentration (11) and deviates from Beer-

Lambert law. Tljis necessitates further study with dyes differing 

both.in structure and size that would include both those which 

are structurally hindered to corre close enough for aggregation 

and those which are not. Spectrophotometric study of interactions 

are likely to reveal some aspects of clay-dye interact ion. 

The spectra of aqueous solutions of several cationic dyes 

are dependent on the concentration of the dye '13). In the visible 

region these spec!ra are characterised by several maxima, the 

intensities of Which depend on the dye concentration. The adsorp-

tion band of the dye at longer wavelength is characteristic of 
' 

dilute solutions and usually referred to as the ,(_ band. Increasing 

dye concentrations results in the gradual replacement of .t... -band 

·Dy a band with a shorter wave length which is assigned as .(3 -band 

(13-17). Further increase in dye concentration may cause substi

tution of (3 -band by another diffused band closer to the blue 

range of the spectrum. This band is assigned as V -band. The 

o(_-band is attributed to the monomeric form of the dye vJhile the 

~and,~ -bands are attribut~d to dirreric and higher aggregates of 

the dye respectively <18). The dve aggregation is caused mainly 

bv l'le interaction bet'l.'lleen the electrons of the aromatic rings of 

the dye cations• 
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Similar changes in the spectra of the aqueous ·dye solutions 

may also be obtained by the addition of salts. This has been 

interpreted· as being due to the • salting-out • of :the dyes ( 19:-22). 

Addition of polvelectrolytes to a dilute dye solution also causes 

changes in the spectrum, which are similar to those obtained by 

increasing the concentration of the dye. In the latter .case it is 

now accepted that cationic dyes are adsorbed by polyelectrolytes 

and since the concentration of the dye is higher on the polyelectro

lyte surface than in the bulk of the solution the adsorbed dye 

species form dimers and higher aggregates at the adsorption sites. 

This gives rise to the metachromatic effects in the spectrum. The 

case, hm-1ever, see~ns to be not so sirrple when clay •ninerals are 

involved, which also exhibit rret achromatic behaviour when cat ionic 

dyes are adsorbed. A short review of the previous work. on this 

line is given in the following paragraphs. 

The chromotropic effects in clay minerals were observed by 

Vedeneva (23/ bv studying the sorpt·ion of malachite green and 

brilliant green on montmorillonite and kaolinite in 1947. She 

concluded that the formation of ionic bond bet1iveen· the clay and 

dye caused a bathochromic shift, 1.-1hile the effect of intensification 

of the dipole bond ill]aS hypsochromic. Schubert and Levine (24) 

postulated that met achromatic colour was produced as a result of a 

selecl- ive and reversi:Ple binding within an anionic cluster of. a 

polymeric dye cr1t ion of highest charge available. The effect is that 
/ 

even in dilu~e dye solutions the concentration of dye cations pf 

high charge is increased in the total micellar and intermicellar 

space. 
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Bergmann and O'Konski (10) attributed the spectral shifts 

of the methylene blue sorbed on Na-bentonite, to dye-dye interac-

tion on the clav surface since these changes were fo.und similar 

to the spectral shifts accompanying dimerisation and polymerisat ion 

of the dye ~n aqueous solution. According to these authors the 

dimer is held together by London dispersion forces and hydrophobic 

bonding. Y~riv r~nd I,.urie (25) inve'stigated in detail the meta-

chromatic behaviour of methylene blue adsorbed on montmorillonite 

and showed that the adsorption takes place by a cation-exchange 

m:;chanis m and the dye can be sor:bed eith.er at the edges of the clay 

platelets or on the oxygen sheets of the silicate· layer. 1'he latter-

type of sorption leads to metachromasy of the dye with a shift of 

the absorption band in the visible reg ion to lower wavelegnths. 

These authors showed, through X-ray diffraction studies, that 

metachromasy of methylene blue in montmorillonite occurs even when 

there is only a monolayer of the organic compound that lies parallel 

to the silicate sheets and concluded that if -interact ions between 

the dye cat ions and the oxygen plane of the al uminosilicate layer 

of the montmorillonite lead to ~tachromasy r.rJhen clay-dye interac

tions t.ake place. 

Yamagashf and Soma (26} studied the adsorption of several 

N-alkylated acridine Orange by Na-roontmorillonite~ In their study 

they showed that adsorption of cationic dyes "'..Vhich belong to the 

acridine orange family also results in rretachromasy. However, they 
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considered the clay mineral as a mormal polyelectrolyte and 

believed that the interaction between the negatively charged 

mineral and the dye cation is·a pure electrostatic attraction and 

that metachromasy resulted from the electronic interaction between 

neighbouring. adsorbed cations. 

Recently Cohen and Yariv (27) extended their earlier studies 

C25) and investigated rretachromasy of acridine.orange using H~,Ms--, 

Na-, Al- and Cu-montirorillonite by visible and IR spectroscoPy 

and bv X-rav diffraction method. Two types of association between 

acridine orange and mont ~rorillonite were noted :. 'i) monolayer 

of the dye· located in the interlayer space, with the aromatic 

rings parallel to the alumino-silicate layer and (ii) a bilayer 

in the ·interlayer space or tilting of the cationic dye relative 

to the aluminosilicate layer. They concluded that in. the associa-

tion of type ~i) metachromasy cannot be attributed to dimerisation 

of the dye but must be caused by 11. -interactions between the oxygen 

of the aluminosilicate and the aromatic ring. Conflicting reports 

exist in the literature as just metn igned. Present study on the 

spectroscopic behaviour of RG, RB and BB sorbed by montmorillonite, 

laponit-e ?nd kaolinit~ nas been undertaken ·with a view t 0 throw 

' 
further light in the subject. 
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Electronic ~pectrum of aqueous solutions of RG, RB and BB' 

Figs. 69,Gi and 68 show the electronic spectra of RG, 

RB ?nd BB in the visible regions at various concentration of 

the dye in aqueous medium. In aqueous solution these dyes 

show peal<.s at 525 nm for RG, 55 2 nm for RB and 640 nm for BB 

respectively which are due to 1\--+TI~transition and may be 
-

referred to aso<_-band (17). Shoulders have also been found 

at the vJave lengths 500 nm for RG; 523 nm for RB and 590 nm 

for BB.· These mav be referred to as {?>-band. 'Vlith the increase 

in the concentration of the dye the o\_-band intensity is seen 

to decrease with a corresponding increase in the ~ -band 

int.ensitv· The (3 -band is characteristic of the dimer and 

corresponds to an oscillator in the Y -direct ion (shorter a::xis 

in the plane of the molect1le ). Bergmann and o•Konski (10) 

believe that the (b -band has a transition momen.t which lies 

also along the a::xis of the molecule but is perturbed due to 

interact ion between the transition moments of the monomer units. 

Effect of Na-rront .norillonite in the absorption spectrum of RG~ 
~------------------------------------·-------------------------------

It is well documented that the :xanthene dyes tend to 

-4 
dimerize at concentration as low as 10 (M) via interaction. 

This is usually reflected bv the appearance of metachromatic 

absorption bands (28). The visible spectra of the clay-dye 

suspension prepared (in 25 ml) are obtained by the method in 

Chapter III page 54. The spectra and ) ma::x values were -recorded 
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at increasing percentag.es of the Na-montmorillonite clay in 

-5 
a 'canst- ant RG dve concentration 1.2 :x 10 <MY L.-Fig._ 69, 

table 1~ page16V on this basis, location of the band 1._ can 

be ascertained in which it is observed to be red shifted upon 

adsorption on clay. There will be charge transfer comple:x 

formation between the dye cation and the electron donating 

montmorillonite. Similar observation was also reported by 

Haque et al <29 ). Protonation. of t he ring nitrogen may occur 

that stabilises the e:xcited state and lo';vers the required 

energv causing red shift in the adsorption s~ctrum. The ~ 

band shift remains almost constant. The intensity of z band 

increases gradually indicating the dissociation of dimer into 

a monomer adsorbed species • Table 14 (\page 166 ) reveals· that 

the whole series can· be regarded as a titration of an aqueous 

solution of RG by the clav. From such analysis the saturation 

Point ~ ca:1 be determined. 

At the end point 1(, band makes the major contribution 

to the ma:xima at 540 n.m. corresponding to dye : clay ratio 

equal to 55 mM per 100 gm Na-montmorillonite. At lower dye/clay 

ratio the dye is totally adsorbed by the clay. From the spectral 

observation (Fig. 69Y it' apt) ears that the dye adsorbed on 

Na-montmorillonite suspension upto the clay concentration 

.• 001% appears to bear an analcgv to those observed for dilute 

aqueous solution of the dye showing no metachromatic effect. 

But·as more and more dye is adsorbed bv the Na-clay the ~-band 
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gradual~y attains prominence suggesting the penetration of 

the·dye molecule into interlayer spaces. After the saturation. 

point~ the nature of the_ adsorption· band. tends to be sirr\ilar 

·as obtained in dilute aqueous. solution pf dye. Here the ~~and 

indicates hydration statu~ ·of the sorbed organic dye molecule. 

So it appears that the adsorption of the dye cations by the 

clay affeo_t_s the absorb~nce · o~ both o(_ and ~ bands in the in 

the spectrum of RG resulting in the change of both bands. 

The saturation point has been obt~ned by a plot of 
. . 

absorption intensity of a fixed· dye concentration vs amount 

of added olav (weight %) -/.-Fig._ ~O(a) J and ~:x value (nm) 

vs added clay (weight %) L- Fig. ~O-(b >J• It is interesting 

to note that the Fig. ~(a) shows· a minima .and Fig. "O(b) 

shows a maxima· Slight vari~ ion of the posit ion of minima 
" 

and maxima has al_so been observed from system to system. 

From the above stuciY ·it is Olear that the higher the 

surface coverage, the larger is the red shift in ~band. 

The fact that the: location of~ band changes gradually 

·with change of degree of coverage is an indication tc:> a gradual 

and even distribution upon adsorPtion. A possible sequence of 
' ' 

-events_ is, coverage of isolated plates first and then the 

· adsorption in inter laver spacing. Gradual change in location 

is an indication for the gradual change in average lQcal 

polarity; as more dye molecules are-adsorbed, the local envixon-

ment graduaily changes to less polar and-becomes more hydrophilic· 
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:tndeed, ·red shifts in RG were observed when water was substi-

tuted by a less polar solvent '30). Consequently, t.he red shift 

observed eve~ at low coverage may be interpreted as reflecting 

surface polarity which is -not: as high ~s that_ of· water. This 

observation is in agreement with the known hydrophobicity of 
.· ' ' 

~he oxygen plane of the clay (31 ). The decrease in the 

. abs.orption intensity is very· ltUch similar to the known effect, 

viz. deviation from Beer-Lambert law upon aggregation. 

Effect_ of Na-laponite in the absorption speCtrum of RG: ·· 

Experimental procedure is same as mentioned in Chapter 

:tii and page 54. From the. spectral analysis as recorded in 

table 15 (page lGE;) and figure ~&twherein a series of clay aye 

suspension prepared (in 25: ml) using a fixed concentration. 

It is aPParent· that like adsorption of RG on Na-montmorillonite 

in· Na-laponite also red shift is observed in the~ -band and 

its intensities are prominent. than that of p -band._· Maximum 

is obtained when the dye -: clay ratio is equal to 40 m4!G. dye 

per 100 gm of Na-laponite. The shifts in maxima and minima 

have been ascertained from ·.j'!gs. Yp2(a) anCJ. (b). The position 

of the o(_ -band can be used as an. indicator in explaining the 

surface polarity• The failure of the dye to exhibit significant 

spectral change at lower adsorPtion values may be due to lower 

charge densitv vis-a-vis the higher swelling property of the 

synthetic hectorite. 
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Effect of· Na-Kaolinite in the absorPtion Spectrum of .RG; 

For the spectral .ostudy (Fig. ~), sarrples ~ave been 

prepared in the sam Wi!r:f ·as mentioned in Coapter III and page 

.: 54 •. )max values are. recorded in table 1~, (page iE{J ) ~band is 

almost completely· suprres_sed even at low concentration in both 

the olays whereas intensitv. ·of -~-band gradually increases. 

This mav be explained by considering the change in the 

dielectric constant due to addition of che substrates. The 

solvation shell of the solvent· ,i.e •. water molecules) around the 

solute molecules (i.e dye ion) forms a microscopic solvent/dye 

system with an effective--dielectric catstant so called screening 

factor on its own (32). Additive that iOcreases the effective· 

dielectric ~onstant will reduce repulsion between similar 

~harged dye i:on. and faci:litate their di:nerisation. Increase 

clay concen~ration causes increase in the screening factor or 

the effective_ die·lectric constant of the microscopic &ze/ 
.. 

solvent system end hence promote aggregat,ion. 

Effect of Na-montmorillonite on the absorption spectrum of RB• 

The experinental (Fig. 74) ·procedure for the above has 

already been narrated in Chapter III page 54. Jmax values are 

recorded in table i.~ (page1.G8). Here also red shift of o(_-band 

oqcu·rs upon adsorption. Chang~s in the location of ~-band also 

provides information about RB clav adsorPtion. 
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Effect of Na-laponite on the absorption Spectrum of Ts·; 

Same e:xperirrent al procedure has -been followed as 

r.rentioned in Chapter III page 54. E'rom Fig. 75 and table 18 

(pagei6Sl) it is observed that J:... is red shifted and tl;le change 

in RG ~dsorpt ion is not to that extent as· in the case of RB 

adsorption. 

Effect. of Na-Kaolinite in the absorption Spectrum of RB: 

The ~ obtained from spectral study obtained from a /'max 
total use of 10 ml of clay-dye suspensions_ containing a fi:xed 

amount of dve (Table 19, page17o , Fig. 76) reveals that there 

is no significant change in its values, when the dye is sorbed 

by the clays. The spectral pattern is almost the same as that 

of pure-aqueous solution of the dye showing lesser -tendency 

towards adsorpt ion. 

Same e:xperimental procedure has been followed in all 

systems as m=nt ioned in Chapter III· page 54 for BB. 

Effect of Na-montmorillonite on the abso~tion Spectru~ of 
Brilliant Cresyl blue~ 

The adsorption of BB by Na-montmorillonite takes place 

largely by a cat ion exchange mechanis.n. E:xchangeable cat ion is 

released into the solution when clay- is equilibrated with BB 

as alreadv discussed in previous Chapter III (page 54). The 

effect of concentration in a constant amount (in 25 ml) of 
-4 Of 

BB (4 :x 10 (M))"various clav on the absorption spectrum is 
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shown in Fig•. 1'7;. Bv co~arison of the spectra in Fig. 68 and 

Fig. 77' it is obv.;i.ous that the adsorption of BB by Na-montmorillo-

nite results in the combination of tWo spectroscopic effects. 

These are (i) metachromasy (ii) partial extinction of the 

absorption bands. 

Metachromasy occurs as soon as BB is adsorbed by Na-

montmorillonite even if the adsorption takes place fro~ very 

dilute solutions of the dye which in the absence of the clay 

do not show this _effect .. Significant chcnges were observed with 

1f ~ n~ transit ion band of BB in the visible spectrum when sorbed 

on Na-clay samples. Effects are similar to those observed for 

methylene blue and acridine orange (33~) The 

given in Table 2.e (page n1 ). 
"\ values are 
-""ma:x 

On spectral analvsis (Fig. 7q,) it is found that the 

addition of small amount of Na-montmorillonite to the dye 

solutions resulted in a deep coloration of the suspension-. 

Visually this effect is independent of the pH of the solution. 

The whole sequence of addition of varying amount of clays in a 

fixed dye concentration can be regarded as titration of BB by 

Na-montmorillonite. At the end point all the BB have been 

adsorbed bv the c lav. Band has been blue shifted. .:lma:x value 

has been recorded in table 2.e 'page 1'71 ) • At the .end point ~ 

band mal<:es the major contribution. Maxima and minima are attained 

as per Fig. 78(a) and j8(b). With increasing dye concentration 

the (3 -band shifts to lower values, reaching a minimum at 556 nm 

when the clav concentration is .012 which corresponds to an 
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adsorption of 65 mM per 100 gm clav• At still higher c~ncentra-

t ion the band shifts again to slightly lower wave length 558 nm 

at a clay concentration of 0.092 this corresponds to 52 mM 

per 100 gm clay~ 

Effect of Na-laponite on the adso"rption spectrum of BB; 

. ' . 
Here also metachromatic change occurs when BB is 

adsorbed bv Na-laponite. The spectral shifts due to adsorption 

of dye in a fixed dve concentration with increasing clay con-

centration are shown in Fig. 78. The ~ values are recorded 
, . max 

in Table 2LJ (page 1'72 ) • At lower concentration of clay, shift 

of ~ band is smaller as compared to Na-montmorillonite BB 

system.·This is attributed to the lower charge density vis-a-

vis the higher swelling prppertv of t.he svnthetic hectorite. 

As a. result of high swelling, large amount of water is present 

in the interlayer space of Na-laponite which permits the hydra-

tion status of the adsorbed dye ·ions to be similar to that 

existing in dilute aqueous solution of the dye. In addition, 

the intercalated dye ions in Na-laponite cannot approach· the 

oxvgen ~lane bv the· s~licate layer close enough to induce rr -
electron interaction .. With _the increase in clay concentration 

the @ band shifts to 558 nm at o. 08% of the clay concentration 

which corresponds to the adsorption of 56 nMjlOO gm cL:iy as 

compared to BB in Na-mont crorillonite where the value of (3 band 

shifts to 556 nm £"'Fig. g@(a) and &0(b)J· The observation of 
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tmt achromasy at high adsorption values of this dye may be 

ascribed·to the decrease in water content and increase of 

hydrophobic properties of the interlayer space with increasing 

intercalation of the organic material •. This brings forth a 

situation conducive to "''f" interaction between Laponite oxygen 

sheet and the dye ions requiring the resulting metachromasy. 
' 

Interesting'ly from the spectral study of BB just mentioned 

in Na-mont morillonite and Na-laponite it appears that BB has 

a tendencv to form 1f int€;)raction with the oxygen plane. The 

gradual changes in the location of band ~is to the blue as 

concentration increases (35). The opposite trend in spectral 

shift for this dye with other two dyes is an indication for the. 

lack of 1f interaction in xanthene dyes (36). 

Effect of Na-kaolinite on the spectrum of BB: 

From the " values recorded in table z-2. 'page 1.'r3 } ,.....max 

and the spectral feat.:ures (Fig. Sa> it is evident that the 

·intensities of bptho\£f-> increase with clay concentration where 

~band remains almost constant but n band is slightly blue 

shifted. Change in the location of bands provide information 

about BB clay adsorPtion. 
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Table ..J.~ 

Spect.ral data of the Sorbed dve RG on Na-mont morillonite. 

-- ---·~----------------~_.--------.-.~~~------------~--

Concentration 
of d're 

1. 2 X 10-5 (M) 

C1av concentration 
weight % 

o.ooo2o 

o.ooo24 

0.0010 

o. 0014 

0.00224 

0.00252 

0.0030 

o. 0040 

mM of dye Absorbance 
added per 100 gm clay 

697 o. 96 

581 o. 90 

140 0.80 

100. 0.78 

62 0.70 

55 0.72 

46 0.80 

35 0.84 

-----

A max 
(sorbed dye run) 

~-band o( -band 

soo 525 

II 525 

II 526 

II 528_ 

II 532 

502 540 

502 538 

502 537 

-------
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Table 
-'1 c: . 
j!J 

~~ 

Spectral data of the Sorbed RG on Na-laponite 

______ ...;.._______ -- -·-----
Concentration 
of t.he dye 

-5 
1.8 X 10 (M) 

Clav concentration 
weight %' 

nM of dve added 
per 100 grn clay 

-- •a 

0.00124 165 

0.0025 81 

0.0030 68 

0 .. 0035 58 

o. 0040 51 

o. 0045 45 

0 .. 0050 40 

0.0060 34 

0.0065 31 

0.0070 29 

Absorbance 

o. 80 

0.76 

0.70 

0.60 

0.42 

0.40 

0._86 

1.11 

1.44 

1.46 

-------------·-----.------------------- ----------L----------·-----------~~----------------------------

j.._ 

i\ max 
(Sorbed dye ) 

(l "'"""' 1 ... -band ~-band 

500 526 

II 527 

II 528 

II 529 

II 532 

II 530 

II 535 

II 533 

II 533 

II 528 
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Concentration of 
the dye 

----
-6 

1.8 X 10 (M~ 
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Table 1-9 -

Ci( 

Spectral data of Sorbed dye RG on Na-kaolinite 

---

Clav concentration Clay: Dye Absorbance 
weight % ratio in mM 

0.00014 0.042 0.134 

0.00028 o.o84. 0.140 

o.ooo56 0.168 0.150 

o.ooo7o 0.210 0.152 

o.ooo98 0.2 94 0.180 

~ 

/i max 
( Sor~sa_ dye ) 

f»-band o<.-band 

500 527 

II 
527 

II 
528 

II 
528 

II 529 



··~ 

----------~--~~------·---

Concentration 
of the dye 

1 X 1~-S (M) 
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:~ 
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Table -).,;.7 

Spectral data of the Sorbed dye RB on Na-mont [(brillonite 

Clav concentration 
weight % 

0.00024 

o.oo026 

Oe0003 

o.ooos 

o.oo68 

o.ool 

0.002 

0.003 

o.oos 

mM of dye added 
per 100 g m clay 

484 

426 

387 

232 

145 

116 

58 

38 

23 

Absorbance 

i.44 

le32 

1.24 

1.10 

o.a4 

0.87 

o.ao 

0.50 

0.52 

)\ ma:x 
(Sorbed dye nm) 

~-band ot -band 

-
515~ 552 

II 
552 

.. 553 

II 554 

II. 555 

520' 555 

525 565 

525 575 

525 580 

------------ ----'------------·-----------------~------------~---------
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Concemt rat ion 
of dye 

-6 
5.4 X 10 (M) 
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Table ll.S 

Spectral data of the Sorbed dye .RB on Na-laponite 

Clav concent.rat ion 
weight % 

mM of dye added 
per 100 gm clay 

Absorbance ;\ max 
(Sorbed 

f,-band 

---------------------·-------------------------------------------------------------------------------~----·-----------------

~ ; 

dye nm) 

d.-band 
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Tab,le 1.9. 

Spectral data· of the Sorbed. dye RB on Na-kaolinite 

-- ····- -
Concentration 
of dve 

4 
2 X 10 (M) 

. ----

Clav concentration 
weight % 

o.ol 

0.02 

o·.o3 

o.o5 

Clay dye rat i·o 

0.027 

o.o54 

0.081 

0.135 

Absorbance 

2.40 

2.46 

2.52 

2.53 

), max 
~Sorbed dye) 

f.> -~~ -band ol:..-band. __ 

523 552 

II II 

II II 

II II 
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Concentration 
of dye 

. -4 
4 X 10 (M) 

·~ 
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Table 2.0: 

IV1 r 
;'='- \ 

~ 

-Spectral data of the Sorbed BB on Na-montmorillonite 

Clav concentration 
weight % 

0.01 

0.03 

o.os 

O.o07 

o.o9 

-- -

mM of dye added 
per 100 gm clay 

465 

155 

93 

65 

52 

Absorbance 

o. 92 

o. 90 

0.78 

0.54 

o.sa 

--~------------- ~------ --- ~ 

/t max 
(Sorbed dye ) 

nm·. 
o<~ -band· ~ -band 

640 

II 

II 

II 

II 

585 

575. 

570 

. 556 

558 
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Table 2'1 

Spectral data of the sorbed dve BB on Na-:1aponite 

--------·---------------------------------------------------------------------~-------------------------------------------------------------------
Concentration 
of d,re 

4 X 10-
4 

(M) 

C1av concentration 
weight % 

o.o2 

o.o4 

o. 06 

o.o8 

0.09 

. mM of dye added 
per 100 gm clay 

227 

113 

75 

56 

so 

·Absorbance 

0.92 

0.84 

0.72 

0.48 

0.60· 

,.. 
/l max 

\Sorbed dye ) 
nm 

~-b~nd o<.-band 

640 582 

II 580 

II 575 
.. 558 

II 563 
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Conc€mt rat ion 
of -dye 

-4 
4.5 X 10 (M) 
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-~ 
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~le 2:2!' 

... tJ.., 
'·}'· 

Spectral data of the sorbed dye BB on Na-kaolinite 

C1av conc~nt rat ion Clay; dve Absorbance 
{).Jl..\'f!J 0, Q ratio in mM 

o.o1 0.012 o. 96 

0.02 0.024 l.oo 

0.03 0.036. 1.14 

o.os o.o48 1.17 

0.06 0.072 1.04 

.._ 

j\ ma:x 
(sorbed dye) 

cL-band f--band 

640 sao 

II II 

It II 

II 581 

II 582 
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CHAI?TER X 

The structures of the ciay minerals namely kaolinite, 

montmorillonite and laponite are briefly discussed. A short 

review of the earlier studies on the adsorption and desorption 

of inorganic and organic ions on clay minerals and also other 

substrates is presented in the introduCtory Chapter I. 

Chapter II includes the scope and object of the present 

investigation. 

\I? ages 40-4 4) 

The methods of analysis and the preparation of ~aterials, 

experimental details and the preparation of the samples for 

:r .R. spectra, X-rav diffraction analysis are de.scribed in 

Chapter III. Three sele?ted dyes viz. RB,_ RG, BB belonging in 

two different categories have been used. All are well esta-

blished structure recrystallised by usual methods. Their interac

tions with the above r:rentioned silicate minerals have been 

described in order to find out their adsorption and desorption 

behaviour vis-a-vis the structural characteristics of both the 

adsorbent and the adsorbate. 

(Pages 45-56) 
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The adsorption i'sotherms of Rhodamine 6G and Rhodamine 

B on Na-mont morillonite are of the H-type, indicative of strong 

sorbate-sorbent interactions, with the species being adsorbed. 

flat ·on the surface. The adsorption data of both the dyes on 

Na-mont.morillonite are found to fit in well with the Langmuir 
... 

equation. The Langmuir bonding constant of .RB is higher than 

+ 
RG suggesting a stronger binding of the forroor dye with the 

Na-rfiOnt morillonite. The maximum sorption of both the dyes 
. + 

e~ceeds the CoE.C. of the clay, RG being adsorbed more than 

+ + . 
. RB • The higher uptake of RG br Na-montmorill._o,nite is due to 

+ 
its greater dirrerisation or aggregation tendency than RB in 

aqueous solution. When adsorption takes place from solutions 

the former is sorbed with a larger fraction of the aggregates 

than that of the latter at any particular concentration. Ionic 

and van der vlaals forces are, most likely operated during adsorp

tion upto cation e:xchange capacity and beyond it only van der 

V'laals forces predominates. 

The efficiency of the inorganic ions in desorbing the 
. . 

dye :mlecules from the Na-rnontmorillonite matri:x generally 

increases with the crystallographic radius of the ions and 

follo'i!ls the lyotropic series with few exceptions. The orders 

of selectivity for the monovalent and bivalent inorganic ions 

are ; 



-176-

cs) Rb) NH4). K '> Li) Na and Ba> sr > Ca '> Mg 

The plots of log \selectivity coefficient) against hydrated 

ionic radius and the reciprocal of the De bye Huckel parameter, 

a 0 vield s.traight lines 'in the case of alkaline earth rne~al 

cations while for the alkali metal ions the latter plot is 

onlv linear. The cause of non linearity in case of alkali 

metal ions has been attributed to the unequal fixation tendencies 

of the ions vis-a-vis interlayer collapse of the clay structure. 

However, the plot of log \selectivity coefficient) vs _!_ is 
ao 

based on the simple ion-exchange model of Pauley, and the 

above observations suggest that electrostatic attr~ction. 

between the counterions and the fi:xed ionic groups is the 

significant factor in the process of displacement of the dye 

ions from the clav matrix by the inorganic ions. These plots 

may be used to correlate and predict the relative affinities 

of the ions for the mineral in -terrns of their a 
0 

values and 

hydrated ionic radii. 

The e.:xchangeabilitv of organic ions from the respective 

Na-mont morillonite dye complexes is much higher than that by 

the inorganic ions and also increases with increasing size of 

the ions. This is due to increased contribution of the van der 

V'laals forces to the adsorption energy and to changes in the 

hydration_ status of the ions in the clay interlayer. The 

desorption curves of both the dyes ·r,,.Jith quaternal:}r ammonium 
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ions on Na-montmorillonite comple~es are almost S-shaped which 

indicates co-operative sorption ~111ith· so·lute molecules tending 

to be adsorbed or packed in rows or clusters. Giles et al, 
·. 

through theoretical treat rrent have shown recently that S-curve 

occurs when t.he activation energy for the desorption of the 

solute is con99ntration dependent, andjor is markedly reduced 

by large negative contributions of the solvent or a second 

solute~ It is apparent from the. selectivity data that monovalent 

long-chain surfactant ions like ~+ or CTMA+ are more preferred 

by clay matri~ than those of other organic ions studied. Again 
+ + 

CP desorbs a large 9mount of dye than CTMA owing to the 

lower ern:: (critical micelle concentration) of the former. :E'rom 

higher values of selectivity coefficients of the monovalent 

long chain surface active ions it may therefore be concluded 

that shape and size of these ions and the degree of van der 

Haals contact between the organic ions and the clay surface are 

significant factors to be considered during desorption. process~ 

Besides, the solubility of the organic cat ions decreases as 

.the size increases and there is obviously less tendency of 

the larger ions, once adsorbed, to get desorbed back into the 

solution. The percentage of desorPtion of RG+ fzom this clay by 

various electrolytes and their respective distribution and 

+ 
selectivity coefficients are hjgher than those of RB • So the 

,· 

order of the affinity of the dyes for the mineral surface which 

is in the reverse order of their desorption is RB+) RG+, which 
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is also reflected in the Langmuir constant value. 

\Pages 57-86) 
+ ..... 

The adsorption isotherms of RG and RB onto Na-kaolinite 
-+- + 

are of the high affinitv class. Both RG and RB are adsorbed 

upto a maximu~,well in excess of the c.e.c. of the clay mineral. 

This is due to the sorption of aggregated dye-ions andjor the 

unionised dye molecules by the mineral. The desoJ:ption isotherms 

of the two dyes for Na-kaolinite com..olexes differ in two aspects 

for those two other comple~es of the clay·s studied here viz. the 

percent age of desorption of the. dyes from their Na-kaolinite 

cornple:xes bv monovalent and bivalent inorganic ions is the 

highest While it is the lowest for the larger organic ions. 

The extent of desorption however, increases with the size of 

the ions in both the cases. This behaviour towards inorganic 

ions is due to the fact that the binding strength to this clay 

mineral is \>Jeak as corcpared to the other minerals, since the 

exchange sites in Na-kaolinite are located only on the external 

surface of the crystal. 

The desorption isotherm of both the dyes from their 

aqueous Na-kaolinite complexes are S-shaped for some of the 

k 
n+ + + . 

surfactant ions li e c. , CTl~ , DDP • Similar explanation 

can be given as in case montmorillonite syst.em. Plot of 

log (selectivity coefficient_) vs hydrated ionic radius and lja0 

for monovalent and bivalent inotganic ions are similar to 
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systems alreadv studied. As in oth~r adsorbent systems used in 

earlier studies, the affinity of the dye ionsfor Na-kaolinite 

+ + 
surface have the order RB ) RG .. 

(Pages 89-109) 

+ + 
The adsorption isotherms of RG and RB on Na-laponite, 

a synthetic hectorite also belongs to the H-class of isotherm 

and the exchange data obey Langmuir equation. Tpe amount of 

+ 
exchange here for RG are in excess of c .. e.c. of the mineral 

+ + 
RG being adsorbed m:>re than RB • SorPtion of dyes in aggregates 

as well as bilaver formation tendency of the dye ions in the 

interlamellar space, due to unlimited swelling of Laponite 

having lower charge density ffia¥ account for this observation. 

A ljigher fraction of aggregated RG ions is sorbed onto the 
·j 

mineral surface due to higher dimarisat ion tendency of this dye. 
+ . 

As a result of which, the extent of adsorption of RG is greater 

+ 
than RB •. Like the other two minerals the desorPtion isotherm 

in Na-laponite svstem is similar in nature. The extent of . 

desorption here by inorganic ions is much lower than that 

observed in nontrnorillonite system .. 'l'his can be explained in 

the light of wider spacing between the exchange spots in the 

Laponite minerals, as a result of which small sized inorganic 

desorbing ions are ~~able to approach these sites as effectively 

as in ~nt morillonite to displace the adsorbed dye ions. 
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The relationship of hydrated ionic radii ~nd l/a0 with 

log (selectivity coefficient) is the same as that in mont morillo

nite and kaolinite. The obedience of the exchange data to 

Pauley • s model dellOnstrates that coulombic interact ion between 

the counter ions and the fi:xed ionic groups is the important 

factor in this type of exchange react ions. 

The desorption of.both the dyes by various o~anic ions 

increases with size of the ions which is usually found in expand-

ing type of clay mineral and is ascribed to the increased 

contribution of van der Waals forces to the adsorption energy 

and also to the changes in the hydration status of the ions in 

the clay interlaver. Here also the affinity of these dyes to 

laponite surface is RB+) RG+. This is also reflected in the 

higher Langmuir bonding constant of P~& 

'l? ages 110-13 2) 

On v arv ing at three different te~tperatures it may be 

concluded from the ~espective adsorption· isotherm that the 

adsorption process of both the selected :xanthene dyes on to 

Na-montmorillonite and Na-kaolinite· is exothermic with heats 

of adsorPtion lying between 1 and 5 Kcaljmole and that the 

nature of the isotherm is unaffected by tercperature variations. 

The experimental heat of adsorption may be regarded due to the 

net result of several Processes such as solubility of the dyes, 

association of the dye molecules etc. where heat may be evolved 

or adsorbed. 
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It has been found that the heat of ads01:pt ion is not 

a constant quantitv but changes w.ith the amount of dye adsorbed, 

shoWing. a minimum at a certain value of the dye adsorbed. The 

minimum point probablv may occur to a situation when the 

monolarer is just complete or when the adsorption value approaches 

the c.e.c. of the mineral. In case of kaolinite the plot of heat 

Of adsorption does not show a distinct minimum, but tends to 

increase regularly with adsorption. The ~esult may be explained 

on the basis of adsorption of aggregated species by the clay 

minerals. 

The heats of adsorption of RB) RG in the two minerals 

studied suggesting a stronger binding of the forn-er dye to 

the mineral surfaces. 

'Pages 133-143) 

From the structure of the dye molecules it is clear that 

BB molecule can enter into an e:xch an;Je type of sorption through 
+ ~+ . + 

-0- group or through 1 N - group and RB, RG through ~N - group, 

Which become positiv~ charge centres by resonance and can arrange 

themselves flat or in end-on or dye-on position. The resonance 

structure of the dye ion indicate three positive charge centers 

on BB and three on RB and RG. The structural consideration 

assigns to the dyes predominantly flat orientation on to' clay 

surface. However other possibilities are not entirely excluded. 
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The probabilitv of distribution among the different orientations 

is conditioned bv various factors such as the basicity of 

Nitrogen group, the number of resonating·structures, the mole

cular geometry of the dye cat ion, the nature of e:xchange sites 

' . 
etc. It is however to be noted that the flat position is possibly 

attended with minimum potential energy. The excess uptake of 

'. 
the dyes may be explained largely by assuming the sorption of 

~ggregated dye cations onto montmorillonite surface and partially 

by the intercalation of the unionized dye rrolecules bJ the 

interlamellar space. Since the dye molecules are not staggered 

and can approach each other close enough, the adsorption of 

the dyes on montmorillonite probably imparts greater mobility 

to bring them in optimum pro:ximity and proper orientation for 

mice llat ion• 
+ 

In the case of kaolinite BB is adsorbed well in e:xcess 

of c.e.c. as compared to RB and RG. The adsorption isotherm of 
+ 

BB onto Na-kaolinite as onto other rninerals studied are of high 

affinity class• The excess uptake may be due to so~tion of 

aggregated dye ions andjor the unionised dye molecule by the 

mineral. 

+ 
The adsorption isotherm of BB on Na-laponite are of 

Langmuir type and the ainount of the dye e:xchange are far in 

e:xcess of the c.e.c. of the mineral compared to that of RB 

+ 
and RG. This higher adsorption of BB is possibly due to its 

. + + 
lesser size compared to RB or RG and stronger tendency of BB 
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md)1;.ecul'.es tcb f(l)rm aggregates in solution as well as in the 

adsorbed state. The influence of the size of the dye is also 

significant during adsorption to the mineral. 

F'rom the values of the bonding constants obtained from 

intercePts of the Langmuir plots, it is noticed.that the values 

of the canst ants for each mineral· increase in the order RB) RS) 

BB. 

Since Langmuir constants increased proportionately to 

the heat of adsorPtion, the higher value of. the c·onstant 

indicates greater heat of adsorption and also binding of the 

dyes to the higher energy sites of the adsorbent in the above 

order of the dyes. 

Desorption studies on the sorbed xanthene dyes with 

various inorganic and organic cations also supports the view 

that dyes are attached to the minerals '1.-Jith increasing bond 

strength in· the order RB ) RG. 

(Pages 144-14 7) 

·The adsorPtion spectra of the selected cationic dye 

by different aluminosilicates have been studied by visible 

spectroscOPy· Adsorption of dyes takes place by the mechanism 

of cation exchange. The adsorbed cationic dye is located in 

the interlaver space. A study of the effect of varying concentra

tion of different clay in a constant volume of specific dye 

on the location and intensity of bands proved to be useful 

in determining the adsorption capacity of the clay. Adsorbent 
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survaces imparts mobility to the sorbed dye molecules and 

·hence bring them in optimum proximity and pror:er orientation 

for di~.rerization or a higher degree of aggregation. Steric 

hindrance is assumed to }:)e responsible for the lesser tendency 

towards aggregation. H0\11ever, adsorption on clay surface can 

modify this effect. The change in spectral shift in RG, RB 

and BB in all systems studied here indicates their respective 

behaviour towards aggregation. 

\Pages 148-173 f 

From the above surrunarv discussion it may .be concluded 

that various attempts has been made to present a comprehensive 

Picture on different aspects of exchange equilibrium and the 

interact ion of the selected dye.s with clay minerals. It is 

observed that the adsorPtion of dye ions, although taking place 

through ion exchange, is associated with ·a number of factors 

such as molecular ·sizes, molecular geometry, dy.e-dye interaction 

and the surface characteristic of'so~bents. 

Abilities for desorption by various inorganic and 

organic ions from clay-dye complexes iiiCcording to the order of 

preference are being su~marised in table 21 'page 186}. The 

sequences of desorbing ions have been justified in terms of 

size, shape, Charge and steric.hindrance of the adsorbates and 

the desorbing ions as well as the charge density and swelling 

Properties of the aluminosilicates. The architectural dissimi

larities of the aluminosilicates, specificities of certain 
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ions, hvdrophdbicitv, hydration energy of the ions, give rise 

to occasional differences in the e:xchange behaviour of the clay 

minerals as discussed earliero 

Atterrpts have been made throughout the present investigation 

to explain the data in the light of various theories and rrodels. 
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!51ble 2.3° 

The order of preference of the various ions for the 
aluminosilicate surface against RG and RB ions. 

Na-rront rnorillonite-RG 
comple:x 

Na-montmorillonite-RB 
conple:x 

+ 0+ + + 0 + 
a) Li ~ N a+ L K 'L NH 

4 
L Rb L Cs 

+ + + + 
c) TMA L TEAL TPA L TBA 

+ + + + 
d) DDTMA L DDP L CTMA L CP 

Na-kablinite-RS 
cor~le.x 

b) Mg
2L Ca 

2L sr21 Ba 2+ 

+ + + + 
c) Tlvl.{l>. L TEAL TPl\ L TBA 

+t + + + 
d) DDTMA '- DDP L CTMA L CP 

Na-kaolinite-RB 
complex 

----------------------------------------~--~--------------
a) 

+ 0 + + + + + 
Li L Na L K f;: m

4
LRb Z Cs 

b) tw'Jg2+L c 2+ L 2+L 0 2+ a sr Ba 0 
0 

c) 
+ + + 0 + 

TMA L TPA L TEA L TBA 

d) + 
DTI-iA L + 

DDTMA L CTMA+L CP+ 

Na-Laponite-RG 
cornple:x 

+ + + +L + + a) Li L Na LK~NH4 Rb L Cs 

' 2+ 2+ 2+ 2+ 
b 1 f."q L Ca L sr L B a 

+ + + + 
c} TrVIA L TEA L TPA L TBA 

+ + 0 + + 
d) DDTMA /_ DDP L CTHl~ L cP ' 

a) + + + +L + + 
Li L Na L K L NH 

4 
Rb L Cs 

b/ Hg2+j ca2+L sr2~ ·aa2+ 

+ + + + c) TMAL TPAL TEAL TBA 

d) 
+ ·r + 

DTMA L DDTMA L CTMAZ CP 

Na-Laponite-RB 
comple:x 

+ + + + + + 
a) Li L Na L K L m 4 L Rb L Cs 

b) Mg2l 2+ 2+ 2-t-
CaL Sr L Ba 0 

+ + + + 
c) THAL 'TEAL TPAL TBA 

+ + + + 
d) DDTHA L DDP L CTMA L cP 

--

+ 
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