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PREFACE 

The work embodied in the thesis deals with an investigation 

on the sorption of complex ions by ion-exchangers. For this purpose, 

two natural excha.ngers, viz., Bentonite and Vermiculite and a 

synthetic exchanger, viz~, Amberlite-IRC-50 have been selectede In 

order to understand the physicochemical aspects of exchange equi-

librium considerable attention has been devoted to studies on desorp-
3+ 3+ 2+ 

tion of ions such as [Coen3] , [Co (NH3 ) 6] & Mg from the respective 
r· 

exchangers~ Monovalent and div~lent inorganic cations as well as 

alkyl quaternary ammonium ions have been used as desorbing ionse A 

systematic attempt has been made to interpret the data of both 

adsorption and desorption in the light of prevalent approaches and 

models and also to express the data in qualitative and quantitative 

terms .. 

Materials partly presented in Chapter IV have been published 

in the folJ.owing papers, the reprints of which are furnished at the 

end of the thesis~-

.1 .. Adsorption -~sorption of Coen3013 on Bentonite. 

J .. Inu~ Chern. Soc .. 44 , 339, 1967. 

2 .. ·, Dependence of Seiectiv i ty Coefficient on Ionic hydration 

and Debye Ruckel paramever ao in the Desorption of ~oen3P+ 
J 

from H-Coen3-bentonite 

J. Ind. e Soc. ~ , 281, 1968e 
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30 Studies on the Sorption and Desorption of Co(NH3 ) 6Cl3 

on Bentonite,. 

J,. Inde Chern® Soc® 45 , 685, 1968. 

The work was started in the Department of Chemistry, 

University of Kalyani and completed in the Department of Chemistry, 

University of North Bengal. 
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Chapter I 
Section Ae 

Introduction and Review of Previous Work 

Plant roots take up ions as nutrients from the soil by a 

process of ion exchange~ In this process, the clay fraction of the 

soil plays a significant and important role0 He~ce, a study of the 

exchange behaviour of clay fraction reveals, generally, the exchange 

characteristics of the soil as a whole. The Colloidal properties of 

clay minerals ~ve been used for hundreds of years, especially in 

the manufactunBiof pottery and in foundry® Only in this century, 
J : 
1 ' 

however, a sydt~katic attempt has been made to understand the origin 
i 

of their behaviour®' But even then the surface chemistry of clay 

minerals has not been adequately investigatede Considerable success 

has been~achieved in the past forty years in regard to the search 

for high purity clays and for evidences of their crystallinity® The 

atomic structure of the clay minerals has been to a great extent 

elucidated, and applied to explain the properties of the individual 

members~ 

The structures of some of the clay minerals used in the 

present investigation are briefly discussed, indicating their differ

ences from each other and their pecularities, which are responsible 

for the special colloidal behaviour of the minerals~ The clay minerals 

are classified into several groups such as· kaolinite, montmorillonite, 

illite, chlorite and vermiculite~ Mixed layer lattice type minerals 

have also been identified in natural clayse 
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The correlation between the structure of the clay minerals 

and their properties has been establisheo. as a resul-t; of the importan· 

contributions of Pau~ing (1), Bragg (2), Gruner (3), Brindley (4), 

Hofmann (5), Marshall (6), Hendricks (7), Mauguin (8), Jackson (9), 

McMurchy (10), Barshad (11), Walker (12), Grim (13), MacEvvan (14) 

and others. It is known that all the clay minerals consist essen

tially of two units. One is composed of two layers of closely packed 

oxygens or hydroxyls in the centre of which aluminium or magnesium 

ion is arranged in such a manner that the six oxygens or hydroxyls 
I 

are in octahedral coordination with the metal ion., 

With aluminium in the octahedral position only two-thirds 

of the possible positions are filled to balance the structure. It 

is the gibbsite structure having the bulk formula Al2(0H) 6• When 

magnesium is present in octahedral coordination all the possible 

. positions are filled giving the brucite structure having the bulk 

The other unit is the tetrahedral silica layer. Silicon 

atom is placed in the cavity formed by four oxygen atoms.such that 

the latter are in tetrahedral coordination with it., 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. The tips of all the tetrahedra are in the same direction., 



-3-

Kaolinitee The kaolinite is composed of a single silica 

tetrahedral sheet and a single alumina octahedral sheet combined in 

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

layers of the octahedral sheet form a common layere All the tips of 

the silica tetrahedra point in the same direction and toward the 

center of the unit made of the silica and octahedral sheetse These 

sheets which are continuous in the a, b-directions are stacked one 

above the other in the c-directione 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 very little expansion in the c-direction 

is possiblee 

Montmorillonitee According to the currently accepted concept, 

montmorillonite is composed of units made up of two silica tetrahedral 

sheets with a central alumina octahedral sheetQ All the tips of the 

tetrahedrons point in the same direction and toward the center of the 

unite The tetrahedral and octahedral sheets are combined so that the 

tips of the tetrahedra of each silica sheet and one of the hydroxyl 

layers of the octahedral sheet form a common layer. The atoms common 

to the tetrahedral and octahedral layers become 0 instead of OHe 

The minerals of this group are also developed by stacking of 

these unit sheets one above the other in the c-directione During 

stacking the 0 layers of one unit are close to the 0 layers of the 

other unit, so that there is an excellent cleavage between the sheetse 

Polar molecules can enter the space between the sheets causing 
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expansion of the axis in the c-direc\;ion., Isomorphous substitution 

of other metal ions for silicon and aluminium in both the tetrahedral 

and octahedral 'layers is known to occur ., Complete replacement of 

aluminium by iron and magnesium is found in the minerals nontronite 

and sa:ponite respectively~ Substitution in the tetrahedral layer in 

montmorillonite does take place but to a limited extent., 

Vermiculite., It consists of alternate stacking of mica and 

water layers~ Isomorphous replacement of Al for Si always takes place 

in the tetrahedral layer and replacement of Fe or Mg for Al in the 

octahedral layer is limited., In natural vermiculites the net resulting 

charge deficiency is balanced primarily by Mg2+ and to some extent by 

ca2+ ... These ions are held as exchangeable ions in between the mica 

layersQ It has also been suggested that these exchangeable ions are 

responsible for the orientation of water molecules. The Mg2+ are 

:present in octahedral grouping with six water molecules causing the 

existence of two layers of water molecules, but with K+ in place of 
' 

Mg2+ the thickness of water layer is monomolecular., The c-axis expan-

sion is limited to the thickness of two water molecules., 

An important phenomenon exhibited by clay minerals is their 

power of sorbing cations and retaining these in an exchangeable state., 

This can be explained by considering the existence of an unbalanced 

lattice charge of clay minerals, which makes them behave as colloidal 

electrolytes., They form negatively charged micelles in contact with 
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water and either adsorb cations from the dispersion medium or 

dissociate ions which are adsorbed in its structure, thus exhibiting 

ion exchange.reactions (15,16)® Ion exchange sorption of inorganic 

as well. as organic ions is known to occur on clay minerals® 

Systematic studies of cation exchange in pure clay minerals 

were carried out by Page and Baver (17), Bar and Tenderloo (18), 

Hendricks and Alexander (19), Schachtschabel (20), Mukherjee (21) 
·· ci 

and others., They observed e~rtain specifir.ties in the exchange behavi-

our of the variou~ clay minerals which were traced to their character-

istic lattice configurations., Most of the earlier investigations on 

exchange equilibria, selectivity etc~ were primarily based on the 

results of interaction of clays with simple inorganic (22-24) and 

organic cations (25,26) but very little study on the adsorption and 

desorption of inorganic trivalent complex cations has been reported 

so far® The physicochemical aspects of many 'of these reactions,being 

still unknovm in their fundamental details,constitute one of the 

objectives of the present investigationQ The relevant literature is 

reviewed below., 

Amongst earlier workers, Renolc1 (2?) (1936) vias perhaps the 

first to study systematically the exchange behaviour of Ou, Pb, Ni, 

Ag, Zn, Hg and Cd-permutites and observed an inc~ease in the exchange-

ability of these cations in the order shown. Zn was found by him to 

be as effective as Ba in its exchanging power., Jenny and Engabaly (28) 

(1943) showed, on the basis of the exchange characteristics of zinc-
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montmorillonite that Zn ion is partially rendered non-exchangeable 

by being co-ordinated to the clay mineral .. Basu and Mukherjee(29,30) 

have studied in detail the interaction of montmorillonite clay and 

trace element cations. They observed the release of the metal:. ions 

in the order,:zn2) Mn2> Ni2 =Co
2> Cu

2 
from the clay surface by H~. 

Moreover, 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 'fixed'., Martin and Glaeser (31) studied 

the adsorption of Co(NH3 )~Cl3 on montmorillonite under various pH 

conditions. They found that it also permits the estimation of the 

internal and external exchange capacities~ Cannel and Maatman (32) 

from a study ofthe interactions of the complexes of Co(III) in the 

pores of silica gel could measure the pore volume of a high surface 

area silica gel .. A continuous extraction of recoil products from the 

Szilard-Chalmers reaction· on hexammine cobaltic ion and trisethylene-

diamine cobal~ic ion adsorbed on an ion exchange resin has been proposed 

for obtaining a high yield and specific activity (33)0 The Szilard-
c ' 

Chalmers reaAbion is usually stuo.ied batchwise, i.e~, some sui table 

compounds are irradiated with neutrons and then the new species 

produced by recoil are separated from the parent by some chemical 

procedure .. For the best results in this process the stability of the 

complex ion towards the eluant should be high and both the resin and 

the complex ion should be resistant to radiolysis and the radiolytic 
' ' 

products from the eluant. A cation exchange resin lOaded with hexamm~ 

cobalt (III) ion or trisethylenediamine cobalt (III) ion is suitable 

for this method, because these complex ions give rise to the bivalent 
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cobaltous ion upon neutron irradiation (34-37). The retention of 

hex~e cobalt ion is, however, found to be lower than the corres-, . 

pending value for the trisethylenediamine cobalt ion using the 

dynamic method (33). Chakravarti and Laitinen (38)· studied sorption 

and desorption of Coen3Cl3 on Pyrex glass. The exchange capacity. 
' * 3+ ' 

determined from the exchange of [Coen3l agreed well with those obtained 
* 3+ iC· + 

from the sorption and desorption studi~s of Cr51 and Cs137 • The 

recent studies on exchange characteristics of different aluminosili

cates, viz., zeolites by Barrer (39) and others have'also aroused 

considerable interest in this field. An interesting study, for 

instance, has been made of the exchange of different ions with N; 

in a natural chabazite by Barrer ~·al. (39). For the ions that 

exchange almost comple·tely the therJl!.odynamic affinity sequence, based 

on the standard free energies of exchange, is : Tl) K) Ag) Rb) NH4) 

Pb2> Na = Ba2) Sr2) Ca 
2 > Li. All the ions. except Cs+ exchange comple

tely with Na+. Divalent ions, having greater charge/radius ratios· 

than univalent ions of comparable radii, should be able to interact 

more strongly with the anionic sites, suggesting that one would 

observe. a greater preference by the exchanger for the divalent ions. 
2+ 2+ Obviously, since the affinities of Ca and Ba are not greater than 

those ~f Na+and K+ respectively, Barrer et ~.(loc.cit) concluded that 

other factors including tha solvation affinities in the external 

solution must operate •. 
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From the study of the reactions betwee-n organic compounds 

and different types of clays made by a large number of workers, the 

specific ·nature of clay mineral-organic ion reactions has now been 

fairly well established. Thus, Smith (40), Gieseking (41) and his 

colleagues (42,43) definitely showed from their work with different 

organic bases and their salts, and with gel~ti.~n and albwnin solu

tions, that organic ions enter into cation exchange reactions with 

clay minerals, particularly montmorillonite. The early works of 

Hofmann et ~.-(44) and that of Myers· (45) and Sharov (46) suggested 

that organic compounds with polar active groups could be adsorbed 

by clay minerals. Later, it was shown by Bradley (47,48) and Macmvan 

(49,50) that the non-ionic organic :molecules of polar character could 

be adsorbed by the c+ay minerals. The work of Hendricks (51) and 

Grim et ~-.(52) also revealed that the organic ions are bound to the 

clay minerals by Van der Waals force ~:q. addition to coulombic force .. 

Bradley and Grim (53) believe that the coulombic force is supplemen

ted by C - H-- 0 bonds between the organic molecule and the clay 

mineral surface. It has also been shown by Grim et 21.• (52)that the 

'sorption of organic cations will depend on the base exchange capacity 

of the clay minerals .. Thorough investigations by other workers (54-56) 

have also been done specially on the interaction between organic 

molecules and clays. 

Our knowledge of the. desorption of inorganic cations from 

the clay surface by organic ions is meagre. It is in this context 
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that an attempt has been made in the present investigation to study 

the sorption and desorption characteristics of some inorganic ions 

by a nv~ber of inorganic and organic cations. 
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Section B 

Ion-exchange Formulations 

Several approaches (57), both qualitative and quantitative, 

have been made to understand the equilibria between an ion-exchanger 

and ions in solution. Experiments were conducted in which concentra-

tions of ions were varied, the result suggested an exponential rela

tionship between ions adsorbed (or desorbed) and concentration of.the 

exchanging ion. On this basis various formulations, e.g., similar 

to Freundlich and Langmuir's adsorption isotherm were proposed. 

The mass action principle was also applied. But owing to· the 

lack of knowledge about the activities of. the ionic species in the 

exchanger phase the equilibrium constant could only be e.valuat_ed 

qualitatively or empirically. Bauman (58) and Gregor (59) pointed out 

the difficulties in terms of' swelling and volume change particularly 

of the resins. The model introduced by Gregor, although thermodyna-

mically less well defined brings out clearly the physical action of 
' 

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

action has been made by Boyd and his co-workers ( 60) in which the . 

"solid solution" idea of Vanselow (61) has been the basis on the 

assumption that the ion exchange is a 11 solid solution" process. 

In the above formulations all the exchange sites were 
' . 

tacitly .assumed to be of eq_ual value. Doubts regarding this were 

first clearly expressed by Wiegner (62) and his co-workers. In order 
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to explain some of their experimental results they postulated the 

existence of loosely and firmly bound ions on the surface of the 

same exchange substance .. Without the necessary information regarding 

the surface characteristics of the silicates which Wiegner used for 

his work he had to invoke the idea of the existence of micro pores, 

edges and cleavages. 

Jenny (63) envisaged a kinetic condition on the surface and 

derived a mass action equation representing theexchange process of 
I 

m1ivalent ions~ This idea was later developed by Davis (64) to multi

ply charged ions. Krishnamoorthy and Overstreet (65) applied the 

statistical method as has been used by Fowler (66) and Guggenheim (67) 

in the case of gas.adsorption on solid surface. The attempts to 

understand ion exchange reactions on the basis of the electrical 

double layer, as postulated by Mukherjee (68) yields no doubt quali

tative results but the concept in many respects, conforms better with 

observations. He assumed two categories of exchangeable ions, the 

osmotically active ions which constitut~ the mmbile part of the double 

layer and the osmotically inactive ones constitut.ing the immobile 

part of the double layer. The interpretation of the electrochemical 

properties of clays in terms of these two categories of ions has been 

in many ways very fruitful. The relationship of crystalline structure 

of clays, their electrochemical propertie~ and ion-exchange character-

istics have been studied with fundamental details by Mukherjee and 
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Mitra (69), Mitra and Bagchi (70), Ganguly and Mukherjee (71) and 

Chakravarti (72,73). 

In the present thesis the exchange data obtained with bento-

nite, vermiculite and resin:and some inorganic and orgruLic cations 

have been similarly applied to several well known models, namely 

those of Barrer (74) & Pauley (75). 

I 

Barrer's model:- By the use of statistical thermodynamics, 

Barrer has derived an equationW1ich is remarkably successf~l in 

describing the behaviour of most regular and irregular system with 

and without phase transition., The assumptions of Barrer are as 

follows~-

(1) When two entering ions, B, occupy adjacent crystal sites in the 

A-rich lattice, an additional change in the free energy of the crystal 

occurs,. 

(2) This change is negligible when ions A, B occupy adjacent sites 

relative to the state A, A ions occupy adjacent sites., 

(3) The change in energy is additive with respect to the number of 

pair B, B independently of whether these pairs are in clusters .:or 

isolated. 

(4) Apart from this enenw change all other interactions between 

the energy change and the partition functions of ions A and B in 

the framework and of the frame wdrk may be neglected., 

(5) The distribution of ions on sites is assumed random., 
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(6) The amount of intracrystalline water is taken as unaltered by 

exchange. 

In irregular systems in which accommodation of the larger 

ions becomes more and more difficult as conversion progresses, occu-

pBnoy of two neighbouring sites by two large ions is evidently less 
.. ~- . ' . . . ~ - -

favourable than occupancy by one large and one small or by two small 

ions. At constant overall ionic .composition of the exchanger (Of. 

zeolite), there is a characteristic~. difference in e~ergy between the 

occupancy of two neighbouring sites by two ions B and by two ions A 

and B or two ions A. This energy may be written as 2 Ew/Z, where 
'. 

Ew is an(posittve or negative) interaction energy and Z is the co-

ordination number of the lattice. A statistical distribution of the 
I 

exchange sites occu.pied by two ions :)3 is asstuned. The number of these 

pairs is ZnB/2 nz (nB = number of counter ions B in the zeolite; 

nz =number of exchange sites). 

In this way a simple expression giving the total partition 

function of the zeolite can be obtained. By differentiation of thi~ 

expression and use of the equilibrium condition, the fol·lowing rela-

· tion is obtained: 
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where Ji = partition function of the species i in the zeolite; 

-
Ei = energy of the species i in the zeolite; 

~~ = standard chemical potential of species i~ 

After. substituting equivalent ionic fractions xi= nijCftA+.nB), 

one obtains 

The quantity J<.A is the rational thermodynamic equilibrium 
B 

constant and K~ is the corrected selectivity coefficient. So that 

a plo.t of ln Kt against. (1 - 2 xB) should give a straight line, the 

intercept being equal to ln Jet and slope is equal to· c. 

Comparison with equation (1) shows that 
o o E_ _ g ( 'hA + -nB) 

I A - ~ JA (1) --j- ~A -__.M-e, + A e. -t- ~----~ 
~ J<. - - bT b·T 'Y\.., 

B Je,lT) "" I' L.. 

and that the constant C is 

c -

The second term on the right hand side of eqn. (2) arises from the 

gain or loss in free energy resulting from interaction between the 

neighbouring sites occupied by ions B. In "regular" systems .this 

term is zero siri.ce no interaction occurs .. In irregular systems in· 

which occupancy of two neighbouring sites by two ions B is unfavour-

able, the constant C is n$gative. 
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Pauley's model :- Pauley has interpreted selectivities in ion-

exchange equilibria in the language of a very simple model® Its 

essential feature is the electrostatic attraction between the counter 

ions and the fixed ionic groups~ It is assumed that all the counter 

ions in the ion-exchanger are found at their distance of closest 

approach to the fixed ionic groups. Writing AR and BR for the pairs 

of fixed ionic groups and counter ions at the distance of closest 

approach, one can split the exchange of A for B into the two ·proce-· 

sses: 

AR 

R+B __ ____, 

A+R 

BR _e • • • 

(3) 

(4) 

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

for the above process.e..s: 

-e.."-" - - - - - (5) 

~A~ 

-- -- (_") 
and 

whereAG~ andAG~ are the free energy changes for the processes (3) 

and (4); e = electronic charge; f = dielectric constant; 

r = distance from center of fixed charge; a~ = distance of 

closest approach between counter ion i and fixed ionic group~ Hence 

the overall free energy change is 

AG.
0 

:= ACt~ -t- .6.~~ = .~ ( ~A 
47457 

2 . DEC 1975 
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and the thermodynamic equilibrium constant~~ is 

B k ::KA =-

i 
Therefore, a linear relationship should exist between ln~A and 

1 $ The model leads qualitatively to preference of the ion exchanger ;q 
f6r counter ion with the smaller a 0 value ~~a counter ion of higher 

valency., 
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Section C 

Ex:change studies and Selectivities 
of-, Clay minerals ·ana Resi-q._~. ----

.The exchange properties of clay minerals have been thoroughly 

studied by a number of workers and their characteristics have been 

well established. The more important characteristics are: 

(i) the observation of the lyotropic series (76). though exceptions 

are often observed. 

Hofmann (77').studied. the activities of Na, K, NH4 , Ca, Mg 

Baas exchangeable ions on clay minerals. The effect of exchangeable 

ions on the sorptive properties of palygorskite and halloysite (78) 

was studied to give the sorptive pr0perties ranking more or less in 

the order : 2.+ 2-+ 3+) -t> 3i' +) . -t -Mg # Ca > Fe H AI ) Na K for both the clay minerals. 

Displacement of Zn 2.+ , Cri2.+ , J.Jin2..--t , Co2.+ and Ni2
:-t by H2so4 and 

( ) . 2..+ 2..+ .l.+ l.f" ~+ 
H-Resin 79 gave the order Zn) Mn )N~ #Co) Cl1 for both acid and 

the H-resin but the amount desorbed was ~reater with the acid. 

In another study (so)' a relation between Ni2+and Co2-i'released 

fron( Ni-H-clay, Co_:H-clay and the pH of the solution was observed. 

The lyotropic series was also noticed for sorption of each of the 

quaternary anrnonium ions NMe4 , NEt4 , NPr4 and NBu4 against Li--t 

Na+ , H+ , NHZ and K-t(81). The exchange of methylene blue with 

respect to H-t, Ca'L+ and K-r on bentonite, illite and kaolinite (82) 
" + 2-+ -t was found to be· in the order : H) Ca ) K and for the clays the order 

is : illite)bentonite)kaolinite. 
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2..+ 2..-t-
The exchange reaction between Ca and Mg was observed to 

be unusual (83) and it was proposed by Beckett· (8A) that except for 
'2.+ 2.+ certain specific spots Ca and Mg . have got equal sorption affini-

ties e 

In the usual general purpose cation. exchangers the selective 

sequence of the most common cations is (85-88) : 

Ba> Pb> Sr> Ca> Ni> Cd) C:u> Co) Zn> Mg> Uo2) Tl> Ag) Cs) 

Rb> K) NH4) Na) Li @ 

The sequences of the univalent and bivalent cations overlap 

in resins of high capacity and moderate and high degree of c~oss

_linking. For strong acid resins, H+ usually falls between Na+ and 

Li+ • For weak-acid resins, the position of H+ depends on the acid 

strength of the fixed ionic groups. 

The selective uptake of Li+ , Na+ and K+ by a series of 

methacrylic acid cation-exchange resins of various divinyl benzene 

contents was measured by Gregor et al. (89) ... The general order of 

preference was Li+> Na+) K+ .. This preference became more marked as 

the degree of neutralization of any given resin increased. This 

resin behaviour was compared by the authors with the association 

evidenced by the alkali metal acetates ... 

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

~orption of large organic molecules especially the dye molecules. 



-19-

A simple equivalent fraction exchange equation has been 

+ + 2..+ proposed to .fit in with the exchange data of Na , K and Ca 

for Al3
+ on bentonite (90) at 0.50 and 1~0 (M) external salt 

concentratione 

(iii) Formulation of selectivity coefficient. 

Exchange measurements can be written in a general way as 

follows: 

1 B z 
2 

(where.the bar denotes the species in the clay~phase and z1, z2, 

the valencies of A and B respectively), from which selectivity 

coefficient is expressed by the equation, 

The selectivity coefficient measurements and obedience to the 

Langmuir equation are not, however, exclusive of one another~· 

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. 

Barrer (91) in a series of papers studied the exchange of 

one inorganic ion for organic ions. The sorption properties of 
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montmorillonite was seen to change with the adsorption- of quaternary 

ammonium ions (CH3 )
4

N and (02H5 )
4

N $ The tetramethyl a~monium or 

tetraethyl ammonium derivative of montmorillonite adsorbs an increa

sed amount of oxygen at 78° and 90°K~ Due to the adsorption of the 

quaternary ammonium ions the lamella of the clay minerals are opened 

and. oxygen in increased amounts is adsorbed in the interlamellar 

space.McAtee (92) treated,sodium bentonite with dimethyllauryl

benzylammonium ion (DMBL). It was seen that almost 1:1 replacement 

of sodium took place upto 90 me/100 gm dry claye The clay was thus 

converted into the DMBL form * This organo - clay derivative was 

taken in a suspension of a mixture of isopropyl alcohol and isooctane 

(20% isopropyl alcohol) and different amounts of dimethyldiocta

decylammonium ion (D~IDO) were added. The amounts of DMBL released 

was then measured using ultraviolet spectroscopy " It was seen that 

16% of the DMBL ion was removed by Dnmo • 

' 
' . I 
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Chapter II 

Scope and object of the Work. 

Plants take up their mineral nutrients from the soil by 

a process of ion-exchange~ The plant tissues contain acid groups, 

capable of binding and exchanging cations and basic groups with a 

similar role towards anions. In the process of exchange between the 

plant and the soil, the clay fraction of the latter plays the most 

important part···; .. Hence a study of the exchange behaviour of the clay 

fraction reveals, generally, the exchange characteristics of the soil 

as a whole,. 

Whereas exchange studies of soils and clays with the common 

major cations as well as the cations of the trace elements have been 

extensively carried out by different workers from different aspects, 

suph studies with inorganic trivalent complex cations are rather 

meagre0 Sorption and desorption studies with trivalent inorganic 

ions have been carried out by earlier workers- Not always could 

satisfactory results be obtained as the experiments were generally 

carried out either at low pH or at high pH~ 
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At low pH of the medium, the interference of the H+ in the 

exchange process can not be ignored, whereas high pH favours the 

e~istence of metal hydroxy ions rather than the simple meta~ ions. 

·so, in most of the studies a proper knowledge of the interaction of 
I 

the adsorbate with the adsorbent was lacking. Unless this is knovm 

in reasonable details an appreciation of the adsorption and desorpt-

ion measurements may be ~ifficult~ It was therefore thought that for 

a systematic study adsorbents with as much as possible well defined 

surface characteristics and adsorbates which are stable over a wide 

range of pH would be most conveniente The inorganic ion-exchangers 

used in the present investigation .consist of. the clay mi:tierals, mont

morillonite and vermiculite, and the organic exchanger is the resin 
-

IRC-50. These provide more or less known features. The adsorbates 

Coen3c13 and Co(~TH3) 6 c13 are trivalent complex compounds of know~ 

structure. From structural considerations, the stability of these 

complex compounds is also well.known • 

The interaction of the abov~ exchangers and the trivalent 
I 

complex cations was therefore investigated under different conditions 

and from different angles. in order to understand the mechanism of inter-

action and specificity of the ions, if any, which may be useful for 

identification purposes. In order to 'compare the results of exchange, 

similar experime·nts were also done with a simple bivalent cation, i ... e., 

Mg
2

+, on the clay minerals ... The complex ions are suitable from another 
. I 



aspect., Very low concentrations of the ions are measurable spectra-

photometricallye This is necessary to study desorption, in particular, 

as well as sorption occurring at very low concentrationse The desorp

tion studies of the trivalent complex ions and Mg2+ by different 

electrolytes reveal the extent of extractibility of these ions from 

the adsorbent surface, from which we can have an idea of the affinity 

of the ions for the minerals and resin surface as well as the rela-

tive desorbing abilities of the ionse 

It may. be ment-ioned in this connection tha~ although the 

occurrence of the trivalent cobalt complex in soil is not reported 

in literature, the presence of cobalt ii the bivalent form is well 

knovvn and its function as soil nutrient is well establishede Cobalt 

as Co 3+forms complex organic compounds • .A considerable part of cobalt 

is dispersed through the soil in the crystal lattices of the alumi-

nosilicates or fixed by the humus· of the soil; .another part is more 

loosely bound to the silicates as a result of base exchange. However, 

the main interest of the present investigation is restricted parti

cularly to the study of the ion-exchange characteristics of the 

component of the soil using these complexes., 

The studies of the adsorption and desorption on clay minerals 

and resins are useful from other points of view also., As for example, 

due to their characteristic structures and high exchange capacity, 

bentonite and vermiculite have recently been used for the deconta-

mination of waste waters from nuclear pile plantse Another important 



application of these minerals is in the mining practice. The adsor

ption of gold and other precious metals on these clays especially for 

exploring the 11 lost or locked in 11 gold in barren land sediments may 

be recalled. Recently, a continuous extraction of recoil products 

from the Szilard-Chalmers reaction on hexammine and trisethylene

diamine cobaltic ions adsorbed on an ion exchange resin has been 

proposed for obtaining a high yield and specific activity* Apart from 

various practical applications, the experimental data rna~ also be 

used for testing different theoretical models for describing ion 

exchange- eq_uilibria., 
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Sample 

Chapter III 

EXPERIMENTAL 

Silicate minerals, used as adsorbents, 
are described below in Table 10 

Table 1 

Symbol Description Total 
Exchange 
capacity 
(me/100 gm 
of clay 
fraction?C·) 

10 Bentonite ]31 Light grey 92 
powder 

Source 

Calcutta 
Mineral 
Supply Co*Ltdi> 

2i> 'Bentonite B2 Light 'pink 110 Do 
powder 

3i> Vermiculite Pinkish yellow 120 Obtained through 
when powdered the courtesy of 

Profi> SeK@ 
Mukherjee**, 
Calcutta. 

The clay fractions having particle size <. 2 .. 0 ;t were isolated 

and collected by the usual method of dispersion and sedimentation@ 

Determined by BaC12 - Ba (OH) 2 method 

** At present Vice-Chancellor, University of Kalyani, 
Kalyani, Nadia.., 
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The fractions so collected were then treated several times with 

dilute HCl and after removal of ~cid with 6% ·H2o2 to remove 

traces of organic matter, if any~ After boiling to decompose the 

organic matter and excess of H202, the clay fractions were washed 

two or three times with distilled water to remove the soluble 

impurities. The clays were then converted into H-form by appro

priate treatment with resin (Dowex 50W x 8 and Dowex 2 - XB)~ 

H-clays so formed were used for adsorption studiese The total 

exchange capacity values of the samples are of the expected order 

found in the literaturee 

10 ml portions of the suspensions, of kno\~ clay-content, 

were taken in different stoppered pyrex bottles and Coen3c13 and 

Co (:mi3) 6013 solutions, of lcnovm concentration, were added in 

increasing amountse The total volumes were adjusted to 15 ml by 

adding requisite amounts of water. The bottles, with their contents, 

were shaken for one hour and kept overnight at known constant 

temperature in thermostat for equilibrium. Preliminary studies 

showed that this period was sufficient for the purpose. Next day 

the bottles were shaken for one hour at the same temperature. The 
/ 

mixtures were centrifuged (2000 r.p.m) for 15 minutes or so, and 

the supernatant liquids were analysed calorimetrically using the 

Zeiss photo electric grating colorimeter, 'Spekol'~ From the 

difference between the initial concentration and that of the 

equilibrium concentration, measured above, the amount adsorbed was 

determi~ed@ 

I 

I 

I 
. I 

. I 

I 
I 
I 

I 
I 
I 



Exploratory experiments revealed that the adso~ption of 
. . 

Coen3Cl3 and Co (NH3) 6 c~3 on clays~~ with pH., 

The clay contents of·the suspensions were determined by 

evaporating known volumes to dryness at 105 - 110°C in air ovene 

The contents expressed in gms/100 ml vary slightly with the 

systems used and are given in Table 2e 

Sample 

H-bentonite (Bl) 

Na-bentonite (Bl) 

H-vermiculite 

Na-vermiculite 

Table 2 

For Coen3Cl3 

s0rption 

For Co (NH3) 6c13 
sorption 

In order to study the dependence of adsorption on pH, the 

following procedure has been .adopted® To mixtures of H-bentonite 

and Coen3c13 or Co(NH3) 6 Cl~ containing known amounts of each were 

added varying amounts of NaOH in order to bring them to different 
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equilibrium were then determined-by absorbance measurements. 

Desorption Studies. 

For this pur:pose the mineral suspensions were mixed with 

Coen3c13 or Co (NH3) 6c13 sol~tion containing about three 'times 
' . 

the predetermined bee, at two different pH (one at the pH of the 

H-clay and the other at pH 9.5), shaken for two or three hours 

and allowed to equilibrate overnight as before in thermostat. The 

excess'salt was washed out with distilled water by repeated 

centrifugation _of the clay-complex till the leachate gave zero 

optical density. The resulting clay was then resuspended. in 

distilled water and used for desorption studies. The percentage 

colloid content of the suspension was determined by drying a known 

amount of it at 105-110° C to constant weights., and are given in 

Table 3,. 

Table 3 

Sample 

Bentonite 1.534 

Vermiculite 1.86 2$213 

H-Co(NH3) 6- Na-Co(NH3)6 
clay clay . 

1.72 

1. 925. 

1.35 

2.445 
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For the purpose of desorption studies 10 ml aliQuots of the 

suspension were taken in pyrex bottles to which increasing amounts 

of different electrolytes were addede The total volume was adjusted 

with water to 15 ml in ·all the casese The bottles with their 

contents were shaken for two hours and allowed to equilibrate 

overnight., Preliminary trials showed that these periods were 

sufficient to ensure eQuilibrium~ The minerals were then centri-

' 
of the clear centrifugates were· measured as described earlier® 

For identification of the pure clays and clay-complexes, 

x~ray diffraction studies of some of the samples were don~ and 

the resul t·s are given in the Table ( 4) below. X-ray diffraction 

patterns* were taken in a Nonius Guinier Camera provided with a 

quartz crystal monochromators Philips PW - 1010 X-ray crystallo-

graphic unit fitted with a copper target was used. Tube was run 

at 30 K~v. and 20 MeAe.The time of exposure was 15 hours and 30 

minutese Intensity I was estimated visually vdth respect to~ the 
I1 

strongest line of pattern taken as 10~ 

* Obtained through the courtesy of the Director, Glass and 
Ceramics'Research Institute, Calcutta-32. 
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Table 4 

H-bentonite (B1 ) H-Coen3-bentonite(B1 ) Na-Coen3-bentonite(B1 ) H-vermiculite 

d in A0 I/I1 d in A0 I/I1 din A0 I/I1 d in A0 I/I1 

13.,33 WB · 13.,065 10 13.29 6VVB 14.,49 10 

4.,485 10 4.,48 10 4.,50 10 4.,61 4 

4.,04 7 4.,03 7 4.,05 5 2. 64 5 

3.,35 6 3.345 4 3.,35 2 2.59 4 

2.,55 4 

2.,39 3B 

v = Very; W = Weak; B = Broad*' 
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Few words must be said with r·egard to the data presented 

in table above. 

It has already been pointed out (m 3,4 Chapter I) that the c-

axis dimension of montmorillonite is not fixed but varies from about 

9.6A0 , when no polar molecules are between the unit layers, to 

substantially complete_ separation of the individual_layers in some 

cases. From the data presented in Table 4 it is apparent that the 

spacings in H-bentonite, Na-Coen3-bentonite, H-Coen3-bentonite are 

almost similar. This identity· in the values suggests that the 
. + + 3+ 

replacement of H or Na by Woen~ does not change the thickness of 

water layers between the silicate layerB ~emembering that under 

·_.ordinary con~i tions a montmorillonite· with· Na as the exchange ion 

has one molecular water layer and a c-axis spacing of about 12.5A~ 

the presene,e of single water layer is highly probable in H-Coen-~3-

bentonite an~Na-Coen3-bentonite also. The intensity (I/Ia) of 

H-Coen3-bentonite is 10, while that of H-bentonite is weak and broad. 

On the same scale the intensity of Na-Coen3-bentonite is 6 but it 

is too broad. The results, therefore, seem to be of considerable 

importance for identification of montmorillonitee In this context it 

may also be mentioned that the role of the size as well as the 

structure of the· [Coen~3-t- as the exchange ion cannot be completely 

ruled out in interpreting the x-ray data. The presence of·very 

littl~ water or no water at all in between the unit silica layers 

may. be the reason for its higher intensity. _However, for a better 

understanding, more data are necessary. It may be noted in this 
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connection that Martin ana· Glaeser (31) observedthat the character

istic spacing of 14A0 of Co(NH3 ) 6-montmorillonite complex does·not 

vary with humidity .. From this observation these authors concluded 

that the adsorption of ~o(NH3 )J3+in montmorillo~ite suppresses the 

effect of swelling or expansion in moisture.. Ref.erring to the data 

of H-vermiculite, it is seen that the strong reflection at 14.49A0 

with I/~: ·value as 10 and the.subse~uent weaker basal reflections are 

characteristic of vermiculit~ and the sample appears to be fairly 

pure .. 

Trisethylenediamine cobaltic chlorid~ (Coen3Cl3 ) was prepared 

by the method of J~rgenson (93) from ethylenediamine and cobalt 

chloride by aerial oxidation and crystallised three times from 

alcohol-water medium. 

Similarly, hexammine cobalt ic chloride :. Co (NH3) 6 013 ;~ was 

prepared by the. method of Fernelius (94) by vigorous· aerial oxidation 

from ammonium chloride, ammonia and cobalt chloride in the presence 

of activated carbon. It was also crystallised 2-3 times from water 

before use. 

NaCl, KCl, NH4c1, RbCl, CsCl, cetylpyridinium chloride 

(CPCl) were of E. Merck ~uality, cetyltrimethylammonimn bromide 

( CTABr) was of BDH-AR quality.. Standard solutions of these 
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electrolytes were prepared by direct weighing of vacuum dried 

salts. LiCl was of BDH-AR ~uality and (CH3 )4NClt (CH3) 4NBr, 

(CH3) 4NI, (C2H5 ) 4NC1, ( C2H5) 4NBr, ( c2H5 ) 4NI were 1 Fluka 1 products. 

These were standardised by titration with AgN03 of E. Merck quality 

using potassium chromate as indicator. MgC12 and CaC12 solutions, 

prepared with reagent quality samples, were standar~ised _by EDTA 

titration, using Eriochrome Black T as indicator and BaC12 , also 

of the s_ame quality, was analysed by precipitation as BaS04 • 
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Chapter IV 
. 3+ 

Sorption and Desorption of [Coen3] , 

J 3+ 2+ [Co(l\fH3)6 · and Mg on Bentonite"ol"system: .• '! 

Owing essentially to its high base exchange capacity and 

other· interesting surface pro·perties it ~xhibi ts, a .bentonite clay 

has .been found expedient for the investigations on sorption and 
r, 3+ r, ]3+ 2+ de·sorption of complex ions viz., LCoen~ and Leo (NH3 ) 

6 
and of Mg • 

The sorption and desorption characteristics of [Coen3]
3

+ 

] 3+ 2 
and (Co(NH3 ) 6 on H-bentonite and Na-bentonite as also of Mg + 

·on H-bentonite are di.scussed below on the basis of experimental 

results. The characteristics of sorption are pTesented in Sec. A 
2+ and those of desorption in Sec~ B • For Mg however both sorption 

and desorption are discussed in Sec. B~ 

·.·.-.· 
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Section A 

Studies on Sorption 

3+ 
Sorption of [Coen3] on H-bentoni te B1., 

The adsorption isotherm of Coen3c13 on H-bentonite B1 

is given in Fig,. 1 , which is typically of the Langmuir type .. 

Accordingly, the plot of C/X against C (Fig., 1) is lLnear., From 

the slope of the line, the value of Vm (the amount required to 

form a'complete monolayer) is found to be 77 me/100 gm. as against 

the bee of bentonite B1 (92 me) and the maximum of the ctrrve 

(80 :q1e) indicating here a monomolecular adsorption. It may be 

noted that the pH of the clay suspension before and after adsor-

ption was 3.5 and 2.,5 respectivelye The low value of exchange 

capacity· of:. mineral iNith respect to Coen3c13 (80 me) is probably 

due to low pH of the solution. 

Sorption of [Coen3] 3+ on bentonite B1 at different pH., 

Adsorption of Coen3c13 at different pH (·Fig., 1) shows that 

within the range of pH 2.,5 to 9.,5 two distinct stages of adsorption 

can be recognised : 80 to 108 me (difference 28 me) and again from 

108 to 120 me (difference 12 me)., The value of 80 me probably 
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corresponds to the change due to isomorphous lattice replacement, 

or what has been termed 'internal acidity' as distinct from 'peri-

pheric acidity' vvhich refers to the last two stages mentioned above. 

According to one point of view (95) the stages correspond 

respectively to the adsorption at edges (28 me) primarily caused 

by Si-0 sites, and at the lateral surface (12 me) constituted of 

Al-0 adsorption sites. The other point of view has been expressed 

by Martin and Glaeser (31) who observed similar stages of adsor

ption with hexammine cabal tic chloriCte .. · According to them at high 
. . 3+ 

pH the adsorbate ions are no longer [Co(NH3)J but may be [Co(NH3 )~0H)21 
' + 

\ ·· .. : · or [co(NH3) 6] (OH) 2 or both, depending on the pH., A similar 

postulation of [Coen3] (OH) 2+or [coen3] (OR)~ may be made about the 

adsorbate ions at higher pH in the present case also. 

Adsorption isotherm of [Coen3] 3+on Na-bentonite B1 at pH 9.,5. 

As in the case of H-bentonite (Cf. Fig .. 1) a smooth 

isotherm (Fig .. 8) is obtaliLed when the adsorbent is Na-bentonite., 

The latter is maintained at a constant pH of 9.5 during the experi-

ment ... The data conform to J.Jangmuir adsorption equation and the 

monolayer capacity is found to be 19·0 me/100 gm clay .. The value 
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has been obtained from the extrapolation of the steady part of 

the isotherm and agrees fairly well with the value obtained from 

the linear plot of Q vse c. (Of. Fig. 8)e 
X 

The conformity of the experimental results to the Langmuir 

eQuation may be ascribed to the m1iformity of the adsorbent surface 

and to the energetically dynamic eQuilibrium between the adsorbed 

species and the adsorbent and the formation of a localized mono-

layer of the exchange ions. 

3+ 
Sorption of [co(NH3 )

6
J on H-bentonite B2., 

The adsorption isotherm of Co(NH3 ) 6Cl3 on H-bentonite B2 

is shovnl in Fige 13 • The isotherm is similar to that observed 

earlier and conforms to the Langmuir typee Both ¥m ( = 99.me) and 

the amount corresponding to maximum adsorption ( = 100 me ) are 

slightly less thru1 the exchange capacity of the clay mineral, 

namely 110 me Q The pH of ·the solution before and after adsorption 

varied between 3.,70 and 3.35. 

3+ 
Sorption of [Co (NH3) 6] on bentonite B1 at different pH .. 

It may be noted that within the range of pH 3e35 to 9.5 

two stages of adsorption can be recognised (Fig., 18) : 81 to 105 me ~ 
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(difference = 24 me) and again from 105 to 115 me (difference 

= 10 me) ~ The results are similar to those as was observed earlier 

and may be explained in the same manner., 

The adsorption isotherm of Oo(NH3) 6Cl3 on bentonite B1 

at pH 9.,5 and the corresponding reciprocal graph are shown in 

Fig., 18. ~ They are characteristic of the Langmuir type of isotherm., 

The.value of Vm calculated from the,slope of the linear graph is 

equal to 115®4 me and compares well with the maximum of the isotherm 

which is about 115 me ~ The equilibrium concentration in the case~ 

· Co(NH3 ) 6c13 adsorption is very small suggesting a strong affinity 

of Co(NH3 ) 6ol3 for the clay surface., 
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Section B 

Desorption Studies 

Desorption of I!Joen/+ from H-Coen3-bentoni te B1 

The r~sults of desorption of ~oen~3+from the H-Coen3-

bentonite B1 by inorganic and organic ions are given in Figs. 2, 

3 and 4. 

For the problem under consideration an exchange eq_uilibrium 
- +3 ... -+:Z.. +3 I ,. + I .+"- 1 • I n 3 <-0-VV\2> Z. \.. Z \..- + 3 t-DVY'I..) 

may be assumed, where the bar denotes the species in the clay 

phase and :Z is the valency of the deso'rbing ion. The selectivity 

coefficient is given by. · Y-z. y
3 

L .... +'Z.J t;:L +.3 
, 1.. C..o~ 

k"" - -=----....----:-::.... 
CovnJ - f ~- +3Jy3 'f'L 

LC...O-Vv\.) O...l,+'L 

where the braclcet and 'a' terms mean the concentration and activity 

of the corresponding substances~ Activities of the ions in the solid 

phase are not considered here since, for these, no satisfactory data 

have been found in the li:terature~ 

The concentrations used to calculate ~i are expressed - Coen~ 

in moles/1000 gm for the solid phase ru1d moles/1000 ml for the liq_uid 
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phase. The activity coefficient of Coen3c13 and Co(NH3 )
6

Cl3 in 

solution has been estimated by a formula used by Kielland (96), 

taking an i~nic redius of ~oen~3+as 3.68A0 and that of ~o(NH3 )J3+ 
as 2.77A0

• It may be pointed out that Laitinen ·and Grieb (97) 

calculated the activity coefficient of the former compound by the 

same method. The figures 3.68A0 and 2.77A0 were obtained from the 

limiting equivalent ionic conductance of the ~oen3P+and ~o(NH3 )J3+ 
as- determined by Jenkins and Monk (98) and is consistent with 

crystallographic interatomic distances in the complex (99-101). 

The literature values of activity coefficients of the 

desorbing inorganic ions (102-106) and quaternary ammonium ions 

(107,108) have been used in the calculations. Except in the cases 

of (CH3 )
4

NC1, (CH3)
4

NBr, (C2H5 )
4

NCl, (c2H5 )
4

NBr, CT.ABr and CPCl, the 

selectivity coefficients have been calculated takLng activities 

into consideration. 

The distribution coefficients have been calculated according 

to the equation -X. :::: 'i'v\. 
\.. 

" "h1· 1-

where again :iiii and mi are the molal concentrations of the species 

in the solid and liquid phases respectively . .,· 

The values of the selectivity coefficients ana distribution 

coefficients calculated from the above relations are given in Table 5.., 
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The selectivity coefficient Ki is a measure of the preference Coen3 · 

of the desorbing species i with respect to lCoen3P+. If the value 

is less than 1.0, the species i has got a smaller affinity for the 
3+ clay surface than ~oen~ • If it is greater than 1.0, then the 

species i is preferrred to.[Coenif+. If it is equal to 1.0, which 

is very rarely observed, then both the species are equally prefeTred 

by the exchanger. The selectivity coefficient, however, is not a 

constant quantity but varies with the concentration of the s·pecies. 

From Table 5 it can be seen that the values of the selecti-

vity coefficients of the inorganic ions except Cs are less than 

i.o • It is evident that the Co~n33 ions are much more preferred 

by bentonite to the inorganic ions. However, the case is reverse 

with the quaternary ammonium ions. The selectivity coefficients 

increase in the order· : Li < Na<H-< K.<NH4 .( Rb!... Cs for the monovalent, 

and Mg.( Ca(Ba for the bivalent cations. For the organic ions 

used the selectivity coefficients are in the .order: (CH3 )4NL. 

(c2:8:~) 4N !_ CT~L CP in the low conce~tration range. The order is 

J:!ev.ersed at high concentration in the case of,the tetraallcylam.mo-
. . 

nium ions (Cf. Fig. 14~) .• The reversal may be due to the compara

tively low activity (107) of the former at higher concentrations. 

It is noted that the efficiency of large organic cations in desorb

ing [Coen~3+from its ·b~ntonite complex is much greater than that of' 

the inorganic cations. 
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Table 5., 

Desorption characteristics li 3+ of Coen3) with respect to different 

ions from H-Coen3-bentonite., 

Electrolyte Concentration of Distribution Selectivity 
used., electrolyte., Coefficient. Coefficient. 

1:1 Electrol~e 

LiCl 1.0 X 10-1 (M) 0.45 0.052 

J 1.25 " 0.48 0.062 

1t~~50 If 0.47 0.064 

1.75 " 0.,48 0.073 

2.0 II 0.47 0.074 

2.6 II 0.49 0.085 

NaCl 1.0 X 10-1 (M) 0.50 0.0602 

1.25 fl 0.52 0.0695 

1 .. 50 II 0.53 0.0782 

1.75 II 0.51 0~0801 

2.0 If 0.52 0.0807 
I 

). 

KCl 0.75 X 10-1(M) 0.97 0.131 

1.0 fl 0.96 0.146 

1.25 " 1.01 0.172 

1.50 If 1.01 0.189 

2.0 II 0.96 0.201 



Table 5 (Contd .. ) 

Electrolyte Concentration of Distribution Selectivity 
used. electrolyte .. Coefficient. Coefficie11t. 

NH4Cl 0.75 X 10-1(11) 1 .. 15 0.158 

1.0 II 1@14 0.177 

1.,5 II 1.15 0,.,217 

2 .. 0 " 1 .. 19 0 .. 263 

RbCl. 0.50 x 10-1(M) 2.37 0.347 

J.,_ 
0.75 If 2.40 0.,409 

1.0 " 2.37 0.506 

11025 II 2.30 0.557 

1.50 II 2.26 0.607 

CSCl 0.25 x 10-1(M) 7 •. 69 1.257 

0.,375 " 7.29 1.424 

0.50 II 61062 1.454 

0.75 II 6 .. 03 1.689 

HCl 0,.75 x 10-1(M) 0.94 0.122 

1.25 II 0.89 0.139 

\ 1 .. 50 II OG89 0.,149 

1.75 II 0.86 0.154 

2.0 II 0.84 0.157 

2:1 Electrol;y:te 

MgCl2 1.0 X 10-l(M) 0.84 0.179 

1 .. 5 II 0.75 0.200 

1.75 II 0.72 0.206 

2.0 II Oe68 0.208 

~ 

i 
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Electrolyte 
used. 

CaC12 

BaC12 

Quaternaq 
ammonium salt 

(CH3)4NC1 

(CH3)4NBr-

(C2H5) 4NC1 

(0 2H5) 4NBr 

(CH3)4NC1 

(CH3) 4NBr 

(02H5 )4NCl 

(C2H5)4NBr 

(CH3)4NI 

Table 5 (Contd.) 

Concentration of Distribution 
electrolyte. Coefficient •. 

0.50 X 10-1(M) 1022 

1.0 II 0.96 

1.5 II 0082 

2.0 II 0.74 

0.-25 X 10-1 (M) 2.26 

0.50_ II 1.68 

0.75 II 1.43 

1.0 II 1e24 

2.,0 X 10-2(M) 19.38 

tf tf 20.17 

tf II 49.03 

II II 51~76 

8..,0 X 10-2(M) 10.18 

II II 10.18 

II II 9.55 

II II 9.87 

1.0 X 10-2 (M) 21@79 

2.0 II 18.61 

400 " 16.73 

800 II 10.42 

Selectivity 
Coefficient. 

0.182 

00204 

0.216 

0.226 

Oe233 

0.249 

o .. -260 

0.264 

3G)87 

4.076 

16.58 

18.18 

4.975 

4.,975 

3.993 

4.437 

3.551 

4.041 

5.859 

60776 



Table 5 (Contd.) 

Electrolyte Concentration of Distribution S~lectivity used0 electrolyte., Coefficient. Coefficien·t. 

•' I 
gua ternar)L I 

ammonium salt 

(02H5)4NI 0050 X 10-2(111) 179.2 44067 

0.70 " 19900 46.14 

100 II 175.9 52.48 

1.25 " 132 .. 3 46031 _1.__ 

2.0 If 57.,58 24.,13 

8.0 II 10.03 5.93 

CTABr 5.0 X 1o-3(M) 499.9 105.4 

7.0 II 346.1 88.41 

10.,0 II 133.9 36.,45 

14,.0 " 63.98 17.42 

CPCl 5.0 X 10-3 (M) 1737 388.3 

7.0 II 607.,5 164.,1 

10.,0 II 163.9 47.55 
~ 

14.,0 II 77.0 23.,11 
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The lyotropic series as observed above has also been veri

fied in a number of systems including resins (109), and inorganic 

ion-exchangers (110,111). 

Especially interesting is the,desorption by the quaternary 

ions, viz., CTA and CP • The curves (Fig. 4) are convex at the 

initial stage towards the concentration axis, tending to change the 

curvature to that of a concave one at the later stagese According 

to Giles et ~.(112) these two curves may be placed in the S-group. 

This group illustrates the situation that at lower concentration 

the adsorption of the solute molecules suffers strong competition 

either from the ions which are already adsorbed or from the solvent 

molecules which have a relatively weak affinity for the adsorbent 

surface .. But as soon as some more ions are adsor·bed at higher con

centration, it is believed that they associate themselves, so that · 

it becomes easier for more to get adsor·bed and thereby enables them 

to desorb the [Coen~3+by exchangeo At still higher concentrations, 

the usual Langmuir type of curve is obtained, as it is expected 

because of the smaller number of ions remaining to be desorbed. 

Giles et gl& (112) have envisaged three conditions for which the 

S-group of curves is obtained. One is that the solute molecules 

should be strictly monofunctional. For this purpose they must have 

a chain length greater than c5 and should have marked localisation 

of forces of attraction for the substrate over a short section of 

its periphery and that ·they are adsor-bed as single units and net as 
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micelles. The second condition is that the solute molecules should 

have moderate intermolecular forces so that the packing of the 

molecules in a vertical array is possible., The third condition is 

that the solute must suffer strong competition from the solvent 

molecules Dr from other adsorbed molecules., In the present case 

of adsorption of CP+and CTA+all the mhree conditions seem to be 

satisfiede So the S-Group of curves is obtaineda Of the two ions 

CP has got a greater selectivity coefficient than CTA ., A similar 

observation has also been recorded by Chakravarti (113), who explai-

ned this behaviour on the basis of a smaller critical micelle 

concentration (erne) of CP+than CTA+and their surface active proper

ties (25). It is also noted from the Fig. 4 that the smaller quater

nary ions, .viz. (CH3 )4N and (C2H5 )4N desorb much more than the 

larger CTA+and CP+e This may, however, be explained on the basis 
;m_ 
;' : 

•, 

of the covering up effect of the larger ions, a fraction of [Coen;r+ 

ions is inaccessible for the exchange process. A somewhat similar 
' effect has been observed by Hendricks (51)., He has pointed out that 

large flat organic ions adsorbed on the basal surface of montmori-

lloni te may be of sufficient size to blanket more ·than one exchange 

position and thereby seem to reduce the exchange capacity of the 

montmorillonite. Organic molecules with an area greater than about 

80.ff2 and flat-lying could spread over more than one exchange posi-

tion~ To ascertain the specific effect of anions, if any, on desor-

ption, 01- , Br- and I- of (CH3 )4N and (C2H5 )4N have been used for 

the desorption study .. It seems that Cl- and Br- have almost the same 
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desorbing power but the iodides of both (CH3) 4N and (c2H5 )4N 

desorb larger amounts of -[Coen3")3+ than the corresponding chlorides 

and bromides. 

An attempt has also been made to correlate the selectivity 

coefficient which gives a measure of the selectivities of ions for 

the clay surface with some oib.her properties of the ions, viz.,, 
' 

hydrated ionic radius (114) and the parameter a 0 (115) of the 

Debye-H.Uckel equation, -l_og)l± = Av-j/6+i3~~), where the 

symbols have their usual significance. It appears from the graphs 

in Fig. 7 that Rb+ and Cs+ are more strongly attached than· what 

is expected from the hydrated ionic radii • NH~ 
+ . 

and K which, 

as expected, stay close together a.11.d occupy an intermediate position 

between the two pairs Rb+ - Cs+ and Na+ - Li+ • On the other hand, 

if 1/a0 is plotted against log (selectivity coe£:ficient), a straight 

line is obtained. The latter strongly suggests tD~t in the process 

of desorption of [Coen;313+ from the clay s-tirface by smaller inorga

nic cations the Debye-Huckel parameter ao rather than the hydrated 

ionic radius show a better correlation. Similar find.ings have been 

reviewed by Kressman and Kitchener (116) who reported similar 

results with phenol sulphonate resin exchangers. The plot of log 

(selectivity coefficient) vs~ 1/a0 is o~ the basis of the simple 

model of Pauley (75), which·suggests that electrostatic attraction 

between the counter ions and the fixed ionic groups is the signi-

ficant factor. 
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It has been noted earlier (PP 12-14) that Barrer postulated a. 

model with the he.lp of which thermodynamic equilibrium constant and 

the free energy change in an exchange reaction and the interaction 

energy between ions on adjacent sites of the surface of exchangers 

may be computed. His·.work was primarily restricted to zeolites. The 

candidate has utilised the model of Barrer to evaluate the above 

quanti ties from the studies of desorption of [Coen3] 3+ £:rom 

H-Coen3-bentonitev The results are given in Figs. 5 and 6 and in 

Table 6. The values of the thermodyuamic equilibrium constants are 

in the order: Li(Na<.H<.K<NH4<-Rb(Cs for the monovalent, Mg .(Ca03a for the 

bivalent and ( CH3 ) 
4

N .( ( C2H5 )4N for _quaternarY ammonium ions. 

As the study of free energy change usually provides a satis

factory approach to the problem of exchange equilibrium, it has been 

computed ~nd .recorded in Table 6~_The values give an idea about 

the affinities of the respective ions for the 'montmorillonite 

surface. It is observed that Lihas the minimum affinity for the 

. montmorillonit-e surface wh.tle the affinity of Cs+ is maximum. The 

behayiour of Lt mas: be expected from its large hydrated ionic size. 

The values, Kg~en~ and AG0 are seen to deviate considerably from 

those of the othe~ alkali cations. Compared to Li~ Nt, K+et~. cs+ 

has a distinct fixation tendency for montmorillonite. The ionic 

volume. 'of the cs+ ,- which- is just appropriate for ... the cavity between 

two adja~ent particle surfaces with [Si205]~tetrahedral layers in 



Table 6 

Thermodynamic data calculated from Barrer's model at 25°0. 

kchange Thermodynamic ~0 ~~ . 

system equilibrium constant Cal/grn.mole Cal/mole 

Li 
Kcoen3 

· 0 e3388 645 1200 

KtJ~en3 0 •3467 631 1166 

_l__ K 
Kcoen3 

0 .4786 439 905 

NH4 
Kcoen3 

0 .,5012 411 864 

Rb 
KCoen3 

0 .7762 151 654 

Cs 
Kcoen3 

1..641 -295 297 

~oen3 0.,3890 562. 851 

~1g 
Coen3 

0 .260 803 377 

Ca 0 @2692 782 343 
~ KCoen3 

~~en3 0 .3090 700 227 

K(CH3)4N 
Coen3 

4.571 -905 274 

(C2H5) 4N 
Kcoen3 

46.56 -2290 72 
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contact with each other, plays a significant role in the fixation 

of the ion in montmorillonite. The steric conditions for alkali 

ions in the montmorillonite structure which has been investigated 

in considerable details by Barrer and Reay (117) may be recalled 

in this connection. 

The magnitufte of the value of Rw gives us an idea about 

the nature of the ion exchange process .. It appears from the above 

that in order to evaluate the binding energy of the ions for the_ 

exchanger and to get an insight into the exchange process the values 

of Evv , however small should be taken into account .. The smaller 
3+ 

values of Ew (Table 6) suggest that in the monolayer of [Coen3) 

on the surface, the neighbouring ions are very little affected by 

the adjacent ions. Strictly speaking, this is in conformity with 

the fundamental postulate of Langmuir of the localised monolayer 

on the surface of the adsorbent. 

The results of desorption of 0oenif+from Na-Coen3-bentonite 

complex are shown Jin Figs .. 9 and 10 .. The desorption curves for 

inorganic ions are very similar in nature to those obtained in the 

case of H-Coen3-bentonite~ But the desorption of ~oen~3+ from Na

Coen3-bentonite shows an unusual feature~ It is observed that some 

~oen~3+ probably adsorbed on the edges are less strongly held and 
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are displaced more easily by H+ (Fige 10) an~ a small break 

appears at 27 .. 5 me corresponding to the desorption of the cations 

at the edges. The selectivity coefficient with respect to H+ is 

also found to be m~ch greater than other inorganic ions. 

It may be mentioned that irregularity in the behaviour of 

H+ is well knowne Tne greater exchangeability of H+ than the bi-or 

even the trivalent ions has been explained by asswning H+ to be 

present as a bare proton in the exchange reactions, as a result 

of which it has got a greater accessibility to the exchange sites~ 

Such an assumption may be made in the present case also .. 

The desorption curves by CP+and CTA+ (Fig* 10) are similar 

to those discussed in the case of [Coen~+ desorption from H-Coen3-

bentonite complex (Figa 4), and may be exp~ined in a similar 

manner. It is observed that with both these compounds the exchange 

is mlmost complete in the rising part of the desorption isotherms. 

The initial straight portion probably refers to the desorption of 

easily replaceable ~oen~3+ followed by one having a much smaller 

slope, pointing out to the existence of the more difficultly replace

able ~oen~3+., The peculiar behaviour of these reagents may be due 

to their stronger adsorbability (113), geometrical relationship to 

the surface, surface active properties and their stronger affinity 

for the altered clay surface (25)* The selectivity coefficients and 

distribution coefficients are shown in Table 7. The order of values 



Table 7 

r, 3+ Desorption characteristics of ~oen~ with respect to 

different ions from Na-Coen3-bentonitee 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrolyte 

LiCl 0.50 X 
_A_ 

10-1 (M) 1.01 0.095 

1.0 II . 0.91 0.,107 

1.,5 II Oe87 0.121 

2e5 II 0.82 0.137 

3.0 " 0.79 0.,136 

NaCl 0.50 :X: 10-1 (M) 1.21 0.119 

1.0 n 1.01 0.125 

1.5 II 0.94 0.136 

2.5 II 0.86 0.154 

3.0 II 0.84 -0.158 

"\-
1o-1(M) B:Cl 0.50 :X: 2.04 0*241 

1.0 tl 1.83 0.285 

105 II 1.73 0.319 

2.0 II 1.62 0.340 

NH4Cl 0.50 :X: 10-1(10 2a98 Oe388 

0.75 II 2.81 0.431 

1.0 II 2.61 0.451 

1.5 If 2.25 0.448 
~ 
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Table 7 (Con·td.) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1 :1 E~ectrol;y:t~ 

RbCl 0.50 X 10-1(M) 3.74 0.526 

0 .. 75 II 3.31 0.549 

1.0 II 3.04 0.574 

1.5 II 2.74 0.626 

__1.._ 'CsCl 0.125 X 10-1 (1\II) 10.64 1.184 

0.25 fl 9.18 1.303 

0.40 II 7.83 1.372 

0,.50 II 7.54 1.386 

0.75 II 6.54 1.459 

HCl 0 .. 50 X 10-2 (M) 56.97 7 .. 238 

1.0 II 29.22 4.127 

1.5 II 20.08 3.040 

2.5 II 12.14 1e949 

5.0 II 7.,07 1.288 
·~ 

2:1 Electrolvte 

MgC12 0.50 X 10-1(M) 1.73 0.155 

1.0 n 1 .. 37 0.173 

1.5 II 1.18 0.182 

2.0 fl 1.01 0.178 

CaCl2 0.50 X 10-1(M) 2.04 0.180 

1.0 II 1.47 0.185 
1.5 II 1.21 0.186 

~J 

2.0 " 1.,06 0~186 
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Electrolyte 
used 

2:1 Electrolyte 

BaC12 

~a ternary 
ammonium salt 

(OH3)4NC1 

(C2H5)4NBr 

CTABr 

CPCl 

Table 7 (Contd.,) 

Concentration of Distribution 
electrolyte , Coefficient 

0.25 X: 10-1(M) 3.52 

0.50 II 2.77 

1.0 II 1.99 

2.0 X 10-2(11) 17.e71 

4.0 II 14 .. 33 

2.0 If 44.33 

4.0 If 20.93 

1.0 II 586 

1.0 II 1408 

Selectivity 
Coefficient 

0.218 

0.240 

0.243 

2.,75 

2.89 

10.,21 

5 .. 32 

184 

497 
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of these coefficients is Li(Na I_ K~H4 I_ Rb!.... Os ( H for the mono-
. 2+ 

valent, and Mg2! Ca2tBa for the bivalent ionse For the organic 

ions the selectivity coefficients are in the order: (CH3 )4N L_ 

(c2H5 )4N (CT.A~ CP in the low concentration range., The· order is 

reversed at high concentration in the case of tetraa~kyl ammonium 

ions. The explanation of this may be similar to the case of H-Coen3-

bentonite described earlier (P 40) ., It is also observed that the 

amount of ~oen~3Tdesorbed from Na-Coen3-bentonite complex by CTA+ 

or cp+ is much greater than the smaller ions (CH3 )
4

N or (C2H5 )
4
N ., 

This is, however, just the reverse of the desorption of 19oen3J3+ 

by these ions from H-Coen3-bentonitee 

From a linear plot of Barrer's equation (Fig .. 11), thermo-

dynamic equilibrium constants, standard Gibbs free energy change 

and energy of interaction have been evaluated and are shovrn-in 

Table 8 .. 

As in the desorption of l<Joen3}'3+from its H-bentonite complex, 

here also (Fig .. 12) the plot of log (selectivity coefficient) vss 

hydrated ionic radius is a curved one but when the former is plotted 

against Debye-Huckel parameter 1/a0 a linear curve is obtainede 

It should be pointed out that the values of the selectivity 

coefficients· and thermodynamic equilibrium constanuiTables 7 and 8) 

are greater in the case of Na-Coen3-bentoni te than H-Coen3-bentoni te·., 

It is likely that the energy of bonding of [CoenJ3+to the Na-bento-



Table 8 

Thermodynamic data calculated from Barrer's model at 25°0 .. 

Exchange Thermodynamic .6.Go ~ 
system equilibrium constant Cal/mole Cal/mole 

KLi 
Coen3 

0.2113 926 452 

~a 
Coen3 

0.2291 878 411 

~· KK 
Coen3 

0.5370 370 590 

!(ffi4 0.5649 340 297 
Coen3 

~~en3 0.7244 192 274 

Cs 
Kcoen3 

1.567 -267 186 

KMg 
Coen3 

0.2163 912 274 

Ca 
Kcoe~ 0.2213 898 247 

~a 
Coen3 

0.2630 795 137 

~ 
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nite surface is smallers The order of preference of ~oen~3+for 
I 

the bentonite surface is: H-bentoni te) Na-bentoni te., 

Desorption of [co (NH3 ) 
6
l 3+ from H-Co (NH3) 6-uentoni te B2 

The results of desorption of [co(NH3 )~3+from H-Co(NH3 )
6

-

bentonite. complex are shown in Figs., 14 and 15 • The curves 

obtained are very similar to those for ~oen~3Tdesorption from its 

bentonite complex as discussed above. The selectivity coefficients 

(Table 9) are less thruL 1.,0 for Li , Na , K , NH4 Mg2+ , ca2+ 

and Ba
2

+, indicating a lower bonding energy of the ions with 

respect to [Co(NH3 ) 6]
3+ for the mineral surface .. 

According to the order of preference Li .(Na L. Mg L._ Ca.( Ba.( 

K .(NH4.( Rb~ Cs amongst the inorganic ions and for the organic 

ions ( CH3 ) 
4

N ~ ( c2H5 ) 4 
N (._ CTA ,( CP ., As in the case of [_Co en3] 3+ 

desorption from its bentonite complex, here also there is reversal 

( ). N+ ( ) + of selectivity coefficients with C2H5 4 
and .CH3 4

u at higher 

concentrations .. 

This behaviour may be explained, as stated earlier on the 

basis of lower activity of the former than the latter., The curves 

showing the desorption by CTA+ a~d CP-t- (Fig., 15) are almost similar 

to those for ~oen~3+ desorption from its bentonite complex., Here 
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Table 9 

Desorption characteristics of [co (1-m3 ~+ with respect to 

different ions from H-Co(NH3) 6-bentonite. · 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrol;yte 

LiCl 1.0 X 10-l(M) 0 .. 81 0.107 

1.5 fl 0.83 0.127 

2.5 " 0.,87 0.166 

3.0 II 0.86 0.180 

NaCl leO X 10-1(M) 1.01 0.143 

1.5 II 1.05 0.177 

2.5 II 1.01 0.217 

3.0 II 1.01 0~223 

KCl 0.50 X 10-1 (M) 2.49 0.359 

1.0 II 2.48 0.494 

1.5 It 2.44 0.,593 

NH4Cl 0.50 X 10-1 (M) 2.93 0.444 

1.0 11 ·2.72 0.547 

1.5 It 2.69 0.677 

RbOl 0.30 X 10-1 (M) 7 .AO 1.187 
0.50 " 7.03 1.409 

o.so If 6.66 1.785 
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Table 9 (Contd.) 

Electrolyte Concentration o:f Distribution Selectivity 
used electrolyte Coefficient Coefficient ' 

1:1 Electrol:l:te 

CsCl 0.10 X 10-1(M) 55.54 9.822 

0.20 II 32.,85 7.340 

0.,40 II 19.65 5.748 

2:1 Electrol;y,:te . 

_A M:gCl2 0.50 X 10-1 (M) 1 .. 69 0.,222 

1.0 II 1.53 0.285 

1.5 II 1.39 0.,326 

Ca012 0.,50 X 10-1(M) 1.90 0.239 

1.0 II 1. 64 0.,306 

1.5 II 1.53 0.356 

Ba012 0.50 X 10-l(M) 2.17 0.285 

1.0 It 1.79 0.337 

1.5 II 1 .. 63 0.389 

Quaternary 
I ammonium salt :-;_ 

(CH3)4NBr 1.0 Jt: 10-1 (M) 7.37 2.18 

(C2H5) 4NBr n 6.73 1·.87 

OTABr 1~0 X 1o-2(M) 183.,9 48 

CPOl , 309*5 89.5 
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also, cP+is more effective in des orbing [Co (NH3 ) ~3+ from the clay 

surface than CT.A+., This may be explained, as stated earlier (P 42 ) 

on the basis of the difference in the cmc of the above reagents. 

From a linear plot of Barrer's equation (iig. 16), the values 

of thermodynamic equilibrhun constant, standard Gibbs free energy 

change and energy of interaction have been evaluated and are presen-

ted in Table 10 .. The results are similar to those obtained earlier 

(Tables 6 and 8). 

As in the desorption of [CoenJP+ from its bentonite complex, 

the plot of log (selectivity coefficient) vs~ hydrated ionic radius 

is a curved one but when the former is plotted against Debye 

Hnckel parameter 1/a0 a linear curve is obtained (Fig., 17) .. 

The results of desorption of [co(NH3)] 
3
+from Na-Co(NH3 ) -

6 6 

bentonite B1 are shown. in Figs .. 19 and 20., The curv.es are almost 

alike to those obtained earlier (Fig. 14 and 15). Fig. 20 shows 

the desorption curves of H-t- and of the quaternary ammonium ions .. 

The nature of the curve for H-t- is similar to that observed in the 

case of ~oen~3+ desorption fromNa-Coen3-bentonite and makes a 

small break at 36 me corresponding to the desorption of the loosely 

bound cations at the edges. 



Table 10 

Thermodynamic data calculated from Barrer's model at 25°0 • 

Exchange Thermodynamic .6Go E: ~v 
system equilibrium constant Cal/ mole Cal/ mole 

Li · 
Kco(NH3 ) 6 

0 .. 3236 672 713 

Na 
Kco(NH3 }6 

0.3388 645 565 

~o (NH3) 6 
0.,8166 120 624 

r(NH4 
Co(NH3 ) 6 

0.8318 109 521 

!Cb 
Co (l\TH3) 6 

1.811 -354 425 

KCs 
Co(NH3 ).6 

6~918 -1153 507 

KMg 
Co (IiiH3 ) 6 

0.3802 576 452 

KCa 
Co(NH3 ) 6 

0 .. 3981 549 452 

~ 
K:Ba 

Oo(NH3 )6 0.4121 528 377 



I 

~- -50-

The desorption curves (Fig., 20) of the CTA+ and cp+ are 

S-shaped with the· initial slope gradually changing from a lower 

to a higher value., But after that as the amount to be desorilled 

gets less and less the rate·of desorption attains nearly constant 

value, so that the isotherm is almost flat. 

As in other cases, the desorbing efficiency of (C2H5 )
4

N+ 

+ is less than that (CH3 )
4

N at higher concentration which has been 

explained on the basis of the lower activity of the former than the 

The selectivity coefficients (Table 11) are in the order: 

LiL.. Na~ NH4 ~KL.RbL.. Cs for the inorganic and (CH3 )
4
N ~(c2H5)4Nz 

CTA .( CP for the quaternary ammonium ions., 

Here also, the plot.of log (selectivity coefficient) vs. 

hydrated ionic radius is a curved one but when the former is plotted 

against Debye Huckel parameter 1/ao a linear graph is obtained 

(Fig., 22)., 

From a linear plot of Barrer's equation (Fig. 21), thermo-

dynamic equilibrium constants, standard Gibbs free energy change and 
I 

energy of interaction have been calculated and are shown in Table 12., 

It should be ~oted that the values of the selectivity coefficients

and thermodynamic equilibrium constants(Tables 11 and 12) are greater 

in the present case than those obtained from H-Co(NH3 )6-bentonite., 
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Table 11 

Desorption characteristics of [Co (NH3 ) r+ with r_espect to 

different ions from .Na-Co(NH3 ) 6-bentonite. 

Electro~yte Concentration of Distribution Selectivity 
used electrolyte Coefficient· Coefficient 

1:1 Electrolvte 

LiCl 0.6 X 10-1 (M) 1.35 0.142 

1.2 II 1.26 0.173 

1.5 II 1.28 0.194 

1.8 II' 1.20 0.197 

Na.Cl 1.0 X 10-1 (M:) 1".52 0.205 

1.5 II 1.42 0 .. 226 

1.8 II 1.41 0 .. 244 

KCl 0.6 X 1o-1(M) 4.70 0.618 

1.0 11 3.73 0.727 

1.5 II 3.16 0.725 

NH4Cl 0. 6 X 10-1(M) 3.61 Oe517 

1.0 II 3.41 0.619 

1.5 II 3.55 0.837 

RbCl 0.3 X 10-1 (M) 10.20 1.557 
0.6 II 7.97 1.599 

0.8 II 7.09 1. 628 
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Table 11 (Contd.) 

Electrolyte Concentration of Distribution Selectivity 
used "electrolyte Coefficient Coe1ficient 

CsCl 0.2 X 10-1(M) 18.45 -2.809 

0.4 II 14.78 3.073 

0.6 !I 12 .. 45 3.190 

(CH3 ) l'JCl 1.0 x 10-1 (M) 8.45 2 .. 275 
4 . 

~ 
( C 2H5 ,) 

4 
Iffir II II 8 .. 04 2.073 

CTABr 8.0 X 10-3 (M) 443.8 104.80 

CPCl If ff 1157 306.70 

, 
'' 
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Table 12 

Thermodynamic data calculated from Barrer's model at 25°0. 

'' 

Exchange Thermodynamic 6Go ~v 
system equilibrium constant Oal/mole Cal/ mole 

KLi 
Co(NH

3
) 

6
. 003548 617 583 

~a '0.3890 562 480 Co(NH3 )
6 

_A 
KK 

Co (:t-rn3 ) 
6 

0.7943 137 251 

KNH~ Co NH3 )
6 

0.9120 54 528 

rb 
. Co(NH3 )

6 
1. 641: -295 57 

Cs · 
3.162 -686 164 K 

Co(NH3 ) 6 
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( "13+ So it may be said that ~o llli3) 6 is attaQhed to the Na-bentonite 

surface with a weaker force .. The order of preference of [co (NH3) 
6
l 3+ 

ions for the bentonite surface is, therefore, H-bentonite)Na

bentonite, which has also been observed with [coen3f+ and bento

nite. 

2-f-
Desorption of Mg from Ivlg-bentonite B1 

The desorption of an ion from the cc.la;y compJe xes shows 

the extent to which the ions are re·placeable from the clay surf-ace 

and also the selectivities of different ions in the process. To 

compare the desorption of trivalent ions, with that of a bivalent 
2+ 

one, we have chosen Mg for the present stuGJ.y. 

The preparation of Mg-bentonite is as follows: To a sample 

of H-bentonite B1 calculated amount of Ivigj of E.,Merck quality was 

added and the mixture was well stirred and kept overnight to attain 

equilibrium .. 

For studying desorption 10 ml portions of the above sus

pension (1.83%) were taken in a number of Pyrex bottles and varying 

amounts 'Of different electrolytes were added., These were then shaken 

for two hours and allowed to equilibrate overni&ht, centrifuged for 

15 minutes or so and the Mg2+ contents of t_he clear centrifugates 
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were estimated by EDTA titrationse 

The results of desorption of Mg2+from its bentonite 

complex are shown in Figse 23 and 24 e The curves obtained are 

very similar to those obtained in desorption of [Coen3]3+and 

t_co (NH
3

) j 3+ from their bentonite complexes as dis cussed earlier. 
6 

The only diffdrence is that the amount·desorbed is much greater 

in the present case. Except in the cases of Li and Na , the 

selectivity coefficients (Table 13) are greater than leO in all 

cases indicating a higher affinity of the ions for the mineral 

surface. According to the order of preference the ions are placed 

as : Li£, Na /.. K <__NH4 /.... Rb /... Cs ( H I__(CH3) N ~ (C2H ) N. 
/ 4 "> 5 4 

3+ ft J 3+ As in the case of [coen3j and Leo (NH3 ) 6 desorption from 

this clay mineral, (CH3 )
4

N+ desorbs more than (C2H5 )
4

N+at higher 

concentration. This behaviour has been attributed to the lo~ver act.i-

vity of the latter than the former at higher concentration. The 

selectivity reversal of Li and Na at higher concentration (Fig 23) 

is also to be noted. However, this type of behaviour has been 

observed by Gieseking and Jenny (118) on putnam clay (beidellite). 

H+ is found to be more effective in desorption than the other 

inorganic cations,. The idea of the bare proton taking part in the 

exchange reaction has been invoked to explain the peculiar behaviour 

+ of H as observed hereo 

Thermodynamic equilibrium constants, standard Gibbs free 

energy change and energy of interaction have been calculated from 



~ 

Table 13 

Desorption characteristics of Mg2+with re~pect to different 

ions from Mg-bentonite. 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrolyte 

LiCl 0.,5 X 10-1 (M) 6.59 0.539 

0.75 If 5.78 0.603 

1.0 fl 5.09 0.660 

1.25 II 4.65 o. 682 

1.5 II 4.20 0.695 

NaCl 0.5 X 10-1 (M) 7.41 0.653 

0.75 " 6.16 0.677 

1.0 II 5.44 0.721 

1.25 II 4.87 0.,758 

KCl 0.5 II 9.48 1.006 

0 .. 75 II 7.65 1.030 

1.0 II 6.47 1.050 

1.25 II 5.64 1.084 

NH4Cl 0.5 x 10-1(M) 10.74 1.208 
0 .. 75 11 8.78 1.326 
1.0 fl 7.17 1.307 
1.25 11 6.19 1.369 



'~ 
Table 13 (Conta.) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

RbCl 0.25 X 10-1 (M) 19.88 -LP744 

0.5 II 13.51 1.892 

0.75 II 10.20 1~914 

1.0 II 8~13 1.929 

CsCl 1.0 X 10-2(M) 56.58 4.,359 

1.5 II 53.40 5$692 

2.0 II 46.10 6.204 

2.5 II 38.93 6.748 

HCl 1.0 X .. 10-2 (M) 90.53 8.559 

1.5 II 57.,16 6.468 

2.0 " 42.46 5.454 

3.0 II 29.15 4.689 

Q.uaternar:r 
ammonium salt 

(CH3 )4N.Br 1.0 X 10-2 (M) 121.90 14.45 

2.0 tt 55.24 9.,78 

·~ 3.0 II 35.29 7. 94 

(C2H5 )
4

NBr 1.,0 X 10-2(M) 185.40 28.80 

2.0 II 67.45 15.17 

3.,0 fl 39.53 3.59 
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the linear plot of Barrer 1 s equation (Fig. 25) and are shovvn in 

Table 14,. 

As observed in the desorption of [Coen
3
] 3+ and [Co(NH3 )

6
] 3+ 

from bentonite surface, here also the Debye Huckel parameter a0 

rather than the hydrated ionic radius shows a better co~relation 

wit~l selectivity coefficients (Fig .. 26). Accordingly, the plot of 

log (selectivity coefficient) vse hydrated ionic radius is not 

linear but when the former is plotted against Debye Httckel :Para

meter 1/a0 a straight line is obtained .. 

The values of the selectivity coefficients, thermodynamic 

equilibrium constant and Gibbs free energy change (Tables 5-14) 
3 r, - 3+ 2+ 

indicate that the three ions namely [coen3] + , t9o (NH3 )J and Mg 

are desorbed from the bentonite surface in the order : ~oen3]3~ 
[co (NH

3
) J 3% Mg2 +. 

. 6 

It may be noted that the percentage of the clay-compJ.e x 

were not the same in all cases, but it is known (119) that within 

a limited range the difference in clay contents does not affect the 

exchange reactions to a great extent@ 



Table 14 · 

Thermodynamic data calculated from Barrer's model at 25°0. 

Exchange 
system 

K_~i 
-liJlg 

Cs 
Ei\~g 

Thermodynamic ~G0 
equilibrium constant Cal/mole 

o. 6457 260 

0.6998 212 

1.012 - 6.5 

1.233 -124 

1.7so -345 

5.152 -977 

7 .. 638 -1212 

~ Cal/mole 

319 

171 

120 

75 

82 

356 

-970 
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Chapter V 

Sorption and Desorption of [Coen~3~ [Co (NH3 ) 
6
] 3+ 

and Mg2Ton Vermiculite~System. 

It has already been noted that verm±culites are closely 

related with the micas and are considered to be alteration products 

of biotites. These clay minerals have an exp~~ding lattice differing 

from montmorillonite in that the expansion can take place only to a 

limited degree. 

\ 

Vermiculite has not been so extensively used as other cl~y 

minerals for sorption and desorption studies of inorganic and 

organic ions0 Walker et al~ (120) noted considerable swelling of 

vermiculite following ami4o acid sorption and referred to possible 

complex formation. The exchange of Na+ , Mg2
+, Ca2+, sr2+& Ba2+ 

has been studied in the termperature range 25°0-70°0 by Wild and 

Keay (121) with vermiculites These workers noticed that vermiculite 

shows a preferencefur divalent ions over Na+ at 25°0 and the pre-

ference increases very greatly at higher temperatures. The preference. 

is largely determined by the increase in entropy which accompanies 

the replacement of monovalent ions by divalent ions in the ve~micu-

lite. Preference is less marked between divalent ions0 The greater 

affinity of Mg2+ for vermiculite compared with other divalent ions is 

explained by these authors on the basis of their closer approach to 

the silicate surfaces® Exchange studies involving inorganic ions have 

been reviewed by Grim (24), Marshall (76) and others. But the sorption 
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characteristics of the trivalent inorganic oomplex cations and 

their subsequent desorption are almost tmexploreda In this section 

are presented the studies ori sorption-desorption behaviour of two 
- 3+ J 3+ trivalent complex cations, namely, [Coen3] and [Co(NH3) 6 and 

b t 111[ 2+ one ivalen ion, l' g , with respect to vermiculite in line with 

similar studies reported earlier with bentonite systemsa 

[,. 
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Section A 

Studies on SorptiQll 

[ . ]3+ Sorption of Coen
3 

on H-vermiculite .. 

. The adsorption isotherm of [Coen
3

] 3+ on H-vermiculi te and 

the corresponding reciprocal graph are shown in Fig., 270 They are 

characteristic of the Langmuir type of isotherm., The value of Vm 

(Cf .. P 3·4) calculated from the slope of the linear graph is equal 

to 119 me and compares well both with the maximum of the isotherm 

120 me and exchange capacity of the mineral (120 me) $ It may be 

noted that the pH of the clay suspension before and after adsorption 

is 4.,6 and 3.0 respectively. 

As in the case of bentonite, here also the adsorption of 

[Coe~~3+ varies with pH. (Fig., 27) .. Within. the range of pH 3.,0 to 

10.,0 two distinct stages of adsorption can be recognised : 120 to 139 

me (difference - 19 me ) and again from 139 to 148 me (difference 

= 9 me). 

The value of 120 me probably corresponds to change d~e to 

isomorphous lattice replacement or what has been termed internal 

acidity as distinct from 'peripheric acidity' which refers to the 

last two stages mentioned above. 
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The adsorption isother~: and the reciprocal plot of 

[Coen3] 3+on vermiculite are shown in Fig., 32 .. Initially the equili

brium concentration Ln the case of [Coen3] 3+ sorption is wery 

small suggesting a strong affinity of[Coen3] 3Tfor vermiculite 

surface. Both Vm (145 me) and the amount corresponding to maximum 

adsor-ption (:. 146 me) are much greater than the exchange capacity 

of.the clay mineral, namely 120 me. 

Sorption of [co (NH3)i3
+ on H-vermiculi te., 

~~ ]3+ The adsorption isotherm of LCo(NH3) 6 on H-vermiculite 

and the corresponding reciprocal graph are given.in Fig., 38., They 

are typical of the Langmuir type of isotherm. The value of Vm 

calculated from the slope of the linear graph is equal to 119 me 

compares well with the maximum of the isotherm 120 me and exchange 

capacity of the mineral 120 me. 

It is observed that the pH of the clay suspension before and 

after adsorption varied between 4e 6 and 3.,1 respectively,.,' 
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It may be noted that within the range of pH 3.1 to 10.0 

two stages of adsorption can be observed (Fig. 38) 120 to 140 

me (difference = 20 me) and. again from 140 to 150 me (difference = 

10 me). Similar results have also been recorded elsewhere (PP 34 ,36',.56), 

The explanation is essentially the smne as was adduced previously 

(P . 35 ) " 
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Section B 

Studies on Desorption 

DBsorption of [Coen3] 3+from H-Coen3-vermiculite. 
A-------------------------------------------------

The procedure for studying desorption has been described 

earlier (P 29 ),., The results of desorption of [Coen3 ]
3+ from H

Coen3-vermiculite complex are sho\vn in Figs. 28 and 29 .. The nature 

of the desorption curves with inorganic ions are almost similar as 

in the case of bentonite. 

Fig .. 29 represents the desorption isotherm against CTA ' 
CP , (CH3 )

4
N and (c2H

5
)
4

N ions .. Here also CP+ desorbs a larger 

amount of [Coen~3+ than CTA-: As explained earlier (P 42 ) this may 

be due to the fact that at the initial stage the desorption is the 

result of competition of CTA and CP as single ions for the adsorbed 

[Coen
3
] 3+ionsQ As the concentration of .the ~uatern~y salts increases 

beyond erne, the ch~Q;e of forming micelles increases in the bulk as 

well as in the adsorbed state, consequently, the[Coen~ 3+ions face 

a stronger competition and are more easily displaced by the quater-

nary ammoniwn ions. The inflection points in the desorption isotherms 
/ 

mark the concentration at ,which such unfavourable competition begins .. 

The in£luence of the size of the desorbing ions are shwon 

up more explicitly in the case of vermiculite than montmorillonite. 

'The latter swells considerably so that the sizes of the desorbing 
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ions assume less importance, whereas in vermiculite the inter-

lamellar space is limited to the thickness of about t,o water 

molecules and hence the influence of size becomes more pronounced 

heree In the present case actually it is observed that 
' 

having ionic diameter 4 .. 5A0 (122) de sorbs larger amount's 

than (C2H5 )
4
N+with ionic diameter 7.,0 A0 (122). 

The selectivity coefficients, as will be seen from the 

data given in Table 15, are smaller than 1.0, excepting in the 

case of Rb Cs , H , CTA & CP , which indicates smaller affi

nity of the desorbing ions than [Coen3l
3+for the silicate.minerals, 

Accorimng to the values of the selectivity coefficients the ions 

may be placed in the order : Li ( l'Ta.( NH4 !.... K ( Rb ~ H .( Cs for the 

monovalent, Mg ~ Ca .(Ba for the bivalent and ( C2H5 ) 
4 

N ( ( CH3 ) 
4 

N .(z 

CTA ( CP which is almost the same as in the case of [Coen3]3+ and 

r, ( ] 3+ + LC~ NH3 ) 6 desorption, with the e~ception of the position of NH4 
2+ 2+ 

and Mg .. The variable position of Mg in the sequence was noted 

by other workers (121,123,124) and has been ascribed to the change·; 

in its hydration relative to other bivalent cations~ The anomalous 

position of H+ in the series is again shown up, for which the idea 

of bare proten taking part in exchange has been invoked (P ). 

The values of thermodynamic equilibrium constant and energy 

of interaction Ew' evaluated from the linear -plot of Barrer's equa

tion are presented in Table 16 and Fig. 30. It is also noted that 
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Table 15 

Desorption characteristics of [Co en~+ with respect to 

different ions from H-Coen3-vermiculite. 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrol~te 

Li6l 1.5 X 10-1 (M) 0.23 0.022 

2.0 II 0.32 0.038 

2.5 II 0,.,33 0.041 

3.0 II 0.33 0,.,045 

NaCl 1.5 X 10-1 (M) 0,.,36 0.041 

2.0 It 0.40 0.052 

2.5 II 0.44 0.063 

3.0 II 0Gl48 0.078 

NH4Cl 1.0 X 10-1 (111) 1.94 0.311 

1.5 II 1 .• 91 0.367 

2.0 II 1.89 0.416 

2 .. 5 , 2.37 0.,477 

Kal 1.0 X 10-l(M) 2Gl36 0@415 

1..5 " 2.54 0.565 

2.0 " 2.60 0.694 

RbCl 0.50 X 10-1(M) 5.33 0.877 ' 

0.75 II 5.48 1E>140 

1.0 II 5.61 1.428 

1.5 II 5.58 1.974 
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Table 15 (Contd.) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

CsCl 0.25 x 10-1(M) 15.79 2.771 

0.40 n 15o51 3.459 

0.50 II 15.23 3.920 

0.75 II 13.19 4.513 

HCl 0.50 :x: 10-1(M) 6.48 1.169 

0.75 " 5.71 1.197 

1.0 II 5.,21 1.234 

1.5 II 4.48 1.319 

2:1 Electrolyte 

MgC12 0.50 X 10-1 (M) 1.,74 0.,205 

0.75 II 1.56 Oo212 

1.0 II 1.39 0.237 

1.5 II 1.15 0.242 

CaC12 0.50 x 10-1(M) 1.42 0.177 

0.,75 II 1.35 0.202 

1.0 tl 1.27 0..,218 

1.5 II 1.15 0.241 

:BaC12 0.25 X 10-1 (M) 3.11 0.257 

0.50 If 2.26 0.268 

0.'75 II 1.84 0.270 

1.0 II 1..58 0.269 
Quaternary 
ammonium salt 

2.0 :x: 10-2 (M) (CH3 )4NI 4.48 0.504 
4.0 II 4.07 0.609 
5.0 II 3.,98 0.658 

' ' 

6.0 tl 3.79 0.675 --.,. 
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Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

(C2%)4NI 2.,0 X 10-2 (M) 2.58 0.253 

3.0 II 2.75 0.325 

4~0 II 2~51 0.328 

5.0 " 2.26 0.,312 

(CH3)
4

NC1 4~0 X 10-2 (M) 3.66 0.430 

8.0 II 2.74 0.379 
_.., 

(C2H5 )
4

NBr 4.0 II 2.05 0.200 

8.0 II 1.53 0.170 

CTABr 4.0 X 10-3 (M) 279.7 41,.58 

8.0 " 161.6 30.80 

CPCl 4.0 X 10-3 (I\r) 724.,9 114.7 

s.o " 443.1 96.2 
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Li+ and Na-t- do not seem to fit into the model of Barrer in the 

present case .. 

The data of free energy change (Table 16) suggest that 

the affinity of the desorbing ions is predominantly greater than 

r. ] 3-r the affinity of ~oen3 . e 

Rb , Cs , H and (CH3 )
4
N 

This is particularly the case when K, 
are the desorbing ions .. Secondly, the 

positive values of ~V (Table 16) suggest that the vermiculite system 

is not regular to the strictest sense of the term, as positive 

values of Nw make a system irregular (74) .. Fig .. 31 shows the plot 

of log (selectivity coefficients) against the hydrated ionic radi~, 

and 1/A0 of the ions. As in the case of lCoen3 ] 3+and[Co(NH3 ) 61 3~ 
desorption from their bentonite complex, there is a sharp break 

in the log (slectivity coefficient) vs., hydrated ionic radius curve, 

whereas the plot of log(selectivity coefficient) vs 1/a0 is linear. 

Similar results have been recorded in the case of bentonite also .. 

The results of desorption of [Coen ] 3Tfrom its Na-3 . 

Coen3-vermiculite complex are shown in Figs .. 33, 34 and 35 .. 

Figs .. 33 and 34 show the desorption by inorganic ions. 

The curves are very similar to those obtained earlier (Fig. 28) 



Table 16 

Thermodynamic data calculated from Barrer's model at 25°0. 

Exchange Thermodynamic L\Go Ew 
system equilibrium constant Cal/ mole Cal/ mole 

I~H4 
Coen3 

0.5888 315 549 

K 0.8610 89 700 Kcoen3 
Rb 

Kcoen3 
1.641 -295 634 

~ Cs 
Kcoen3 

3.589 -761 343 

H 
Kaoen3 

1.274 -144 102 

(CH3 )4N 
1.239 -127 569 Ka . oen3 

KMg 
Coen3 

0.,3090 700 333 

Kca 0.3467 631 490 Coen3 ' 

rS~en3 0.3548 617 274 
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except that larger amounts of [Coen3] 3+are desorbed in the present 

case0 Fig~ 35 shows the desorption isotherms by quaternary ammonium 

ions® It is observed that at low concentration of the quaternary 

ammonium ions, the amount desorbed is almost the same as in the 

case of ~oen3P+ desorption from H-Coen3-vermiculite but at higher 

concentration the-amount desorbed in the present case is lower than 

the former0 This may be due to some geometrical relationship with 

the clay surface® 

Fig. 34 shows the desorption of [CoeniJ3+ by H+ ., As in 

the case of bentonite, observed earlier, (Fig* 10) here also a small 

break appears at about 30 me in the desorption curve indicating 

thereby two categories of adsorption spots. ~oenif+ adsorbed on 

the edges are less strongly held and are displaced more easd.Jy by H+ ., 

The selectivity coefficients (Table 17) are in the 

order: Li( Na( llli4 < K~Rb( H ( Cs for the monovalent and Ca~Mg(Ba 
(~H3)4NL~ 

for the bivalent, and ( c2H5 ) 
4

N(;\CTA ( CP for the quaternary ions 

which is the same as in the case of [Coen3f+ desorption from H-
2+ Coen3-vermiculite complex., The variable :position of Mg as observed 

earlier with vermiculite is to be noted, which has been ascribed to 

the change in its hydration relative to other bivalent ions. 

Table 18 shows the values of the thermodynamic equili 

brium constant, strutdard Gibbs free energy change and energy of 
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Table 17 

Desorption characteristics of ~oen~+ with respect to different 

ions from Na-Coen3-vermiculite. 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrolyte 

LiCl 0.75 X 10-l(M) o. 60 0.057 

1.25 II 0.56 0,.064 

1.75 II 0.60 0.080 

2.50 II 0,.64 0.106 

NaOl 0.75 X 10-l(M) 0.80 0.084 

1.5 " 0.74 0.100 

2,.0 II 0.70 0.106 

2.5 II 0.72 0.120 

~TH4Cl 0.25 X 10-1(M) 4,.25 0.469 

0.75 II 3.28 0.528 

1.0 II 3.03 0.536 

1.5 II 2.70 0.,571 

KCl 0.25 X 10-1 (M) 5.16 o. 629 

0.,50 II 4.47 0.691 

1.0 11 3.7~ 0.752 

1.5 II 3.35 0,.795 

RbOl 0 .. 25 X 10-1(M) 7.80 1.,033 
0~50 " 6.70 1.144 
1.0 II 5.86 1.,415 

1&25 II 5.77 1. 604 
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(Contd$) Table 17 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

·cscl 0.25 X 10-1 (IVI) 13.42 2.122 

0.50 II 12.99 2.823 

0.75. II 12.85 3.701 

0.,85 II 12.88 4.,168 

HCl 0.25 X 10-1 (M) 15.,78 2.679 

0.50 II 10.11 2.047 
·--f 

0.75 It 8.30 1.920 

1.,0 II 7.31 1.889 

1.5 II 6.18 1.935 

2:1 Electrol~e 

MgCl2 
0~.25 x, 10-1 (M) 4.59 0.341 

0.50 II 3.,46 0.362 

0.75 11 2.84 0.371 

1.0 jf 2.43 0.374 

1.5 II 1.99 0.386 

CaC12 0.25 x 10-1 (M) 3.58 0.,589 
~ 

0.50 II 2.92 0.317 

0.75 II 2.34 0.315 

1.0 II 2.11 0 •. 329 

1.5 II 1 .. 74 0.337 

BaC12 0.125 X 10-1(M:) 10.,11 0.,482 
0.25 II 7.31 0.510 
0.375 II 5.78 0.509 
0.50 fl 4.87 0.509 

?-· 
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Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

Quaternar;y: 
anunonium salt 

(CH3 )
4

NC1 4 .. 0 :X: 10-2 (M) 3. 69 0.428 

s.o II 2.52 0.329 

(C 2H5 ) 4HBr. 4.0 II 1.86 0.169 
----<( 

8.0 " 1.34 0.140 

CTABr 4 .. 0 X 10-3 (M) 636. 90.8 

'8.0 II 145 24 .. 7 

CPCl 1.0 X 10-2 (M) 975 248 



Table 18 

Thermodynamic data calculated from Barrer's model at 25°0. 

Exchange Thermodynamic AG0 Ew 
system equilibrium constant Cal/mole Cal/mole 

Iifa 
Kcoen3 

0.3311 658 823 

KK 
Coen3 

o. 9016 60 225 

- \ITH4 0., 6998 212 260 lC"coen 3 
_ Rb 
Kcoen3 

1. 698 -315 411 

KOs 
.r Coen3 

3.404 -730 439 

~oen3 1.585 -27t..l: -517 

.Mg 
KOoen3 

0.4121 528 151 

Ca 
Kcoen3 

0.3631 603 137 

Ba 0.5754 329 137 Kcoen3 

~ 
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interaction calculated from the linear plot of Barrer's equation 

(Fig. 36). It seems that the experimental data with Li+ do not fit 

into the above model. It is also observed from the Table 18 that 

in the present case except in the case of cs+ , the values of 

thermodynamic equilibrium constants are higher and the values of 

free energy change are le·ss than in the desorption of [Coen~3+ from 

H-Coen3-vermiculite~ This suggests the existence of some loosely 

bound [Coen~3rin Na-Coen3-vermiculite complex and also that ~oen~+ 

is less strongly held in Na-vermiculite than in H-vermiculite. 

As in other cases, the plot of log (selectivity coeffi

cient) vs. hydrated ionic radius curve (Fig.· 37) is not linear but 

against 1/aO a good straight line is obtained. 

The desorption isotherms of[Cm(NH3 )6] 3+from H-Co(NH3)
6

-

vermiculite are shovrn in Figs. 39 and 40. The desorption curves 

+ + + + with Ini4 , K , Rb and Cs are S-shaped. This is unlike that observed 

with the other silicate n1ineral studied in the present investigation 

with inorganic ions~ The curves (Fig. 39) are initially convex 

towards the concentration axis, tending to change the curvature to 

that of a concave one at the latter stages. The conditions of Gi __ Qes 
+ + ~ al.(112) as observed in the case of CTA & CP are probably not 
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applicable here and can not be explained on the basis of the crite-

ria laid down by these authors. 

Their suggestion as to a lateral association between ad

sorbed molecules helping to hold them onto the surface seems to be 

valid only for surface active 'ions, viz., alky.l quaternary ammonium 

ions. The problem under consideration involves ions which are not 

surface active and where the lateral· association is not probable. 

For this reason, an alternative suggestion may be made to explain 

the characteristic features of the desorption curves. It has already 

been pointed out ~n the case of similar studies with clay minerals 

that a water-proof character is developed in them when ions, like 

[co (NH3 ) ~ 3+ are present in the exchangeable form (P 31 ) .. Owing to 

th~ presence of a hydrophobic layer, 'ions such as K , NH4 , Rb and 

Cs are not easily accessible ·to the ~urface unless a considerable 

amount of the adsorbed ions get desorbed and replaced by hydrophilic 

ions .. At lower concentrations of the desorbing ions, therefore, the 

amount of desorption is very small .. This explains the initial rather 

flat part of the curve .. At higher concentrations of the electrolyte 

the hydrophobic ions are replaced by hydrophilic ones makil:Jg the 
· to 

exchange~ clay more accesmi.ble to water as well as,L{ihe desorbing 

ions with the result that desorption·increases. 

This brings out the important role of water molecules 

in desorption. The contributions of other factors, viz., ionic size, 
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polarisability of the ions, distance of closest approach to the 

surface, geometric factor i.e., sieve action, architecture of the 

solid matrix, swelling pressure, sorption of electrolytes, binding 

energy of respective ions for the matrix, solubility of the electro-

lytes etc. can not, however, be ignored. 

The values of the selectivity coefficients are given 

in Table 19. The sequence of des'orption is: Lit... Na ( NH4 !.., K!... Rb.(H ( 

Cs for the monovalent, Ca.(Mg( Ba for the bivalent and (C2H5 )
4

Nt.... 

( CH3 ) / << OT.A .( CP for the qua ternary· ammonium ions, which is almost 

the same as in the desorption of (Coen3] 3-r from its vermiculite 

complex. 

From a linear plot of Barrer's equation (Fig. 41h the 

thermodynamic equilibrium constants, standard Gibbs free energy 

change. and energy of interation have been evaluated and are shovv.n 

in Table 20 .. The values may be seen to be almost i:dentical with 

those obtained previously, and Evr values are positive. This indi

. cates the irregular.behaviour of the vermiculite system. 

Similar to other cases, the plot of log (selectivity 

coefficient) vs. hydrated ionic radius (Fig. 42) is a ctrrved one 

but when the former is plotted against Debye Hilckel parameter 1/a0 

a straight line is obtained. This indicates that the Debye tiuckel 

parameter ao rather than hydrated ionic radius may be utilised to 
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Table 19 

Desorption characteristics 
3+ 

of [Co (NH3 )J
6 

with respect ... GO 

different ions from H-Co(NR3 )
6
-vermiculite. 

--
Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrol~te 

LiCl 2.25 x 10-1 (M) 0.,20 0.,020 
-<r 

2.75 If 0.20 0 .. 021 

3 .. 5 II 0.23 0.028 

NaCl 2 .. 25 X 10-1 (M) 0.24 0.027 

2.75 If 0.27 0.,035 

3.5 II 0.,31 0.046 

NH4Cl 1.5 X 10-1 (M) 1.35 0.229 

2.0 tl 1. 68 0.353 

2.5 II 1.99 0.521 

3.0 II 2.1'7 o. 677 

KCl 1.25 X 10-l(M) 2.13 0.403 
-~ 

1 .. 75 II 2.35 0 .. 554 

2.25 II 2.50 0.710 

2.75 II 2.71 0.,946 

RbCl 0.50 X 10-1 (M) 3.:77 0.,546 

0.75 II 4.81 0.952 

1QO II 5. 68 1.460 

1.25 II 6.17 1. 995 
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Table 19 (Contd .. ) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

CsCl 0.25 X 10-1 (IVI) 10.69 1.,640 

0.35 II 13.40 2 .. 614 

0.50 II 14.,74 3 .. 734 

0.75 II 14 .. 28 5.335 

HCl 0.25 X 10-1 (M) 8.66 1.272 

0.50 II 7.69 1.489 
-f 

0.75 II 7.24 1.700 

1.0 II 6.73 1 •. 834 

1.25 II 6.50 2.0?4 

2:1 Electrol;y:te 

MgC12 0.50 X 10-1 (M) 1.22 0.153 

1.0 II 1.11 0.,194 

1.5 If 1.01 0.,216 

2.0 If 0.96 0 .. 247 

CaC12 0.50 X 10-1 (M) 1.01 0.132 

1.0 n 0.93 Oe167 
-~ 

1.5 II 0.86 0.178 

2.0 " 0.81 0.200 

BaC12 0.25 X 10-1 (j.Vr) 2. 68 0.492 

0.50 II 2.47 0.293 

0.75 n 2.12 0.309 

1.0 n 1.84 0.,311 
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Table 19 (Contd .. ) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

guaternar;z 
ammonium salt 

(CH3)
4

NBr 4,.0 X 10-2 (11.[) 5.93 O.At17 

8.0 II 2,.93 0.419 

(C2H5 ) 
4
IWr 4 .. 0 II 2.31 0.232 

--~ 8,.0 II 1.85 0.221 

CTABr 4.0 X 10-3 (M) 315~2 47.39 

8,.0 II 194.5 38.13 

C:l?Cl 4 .. 0 II 688 110"4 

8.0 II 4L11 e 7 95.41 



Table 20 

Thermodynamic data calculated from Barrer's model at 25°0. 

Exchange Thermodynamic £\Go 
fu{l/mole sys-l.iem equilibrium constant Cal/mole 

KLi 0.0309 
Co(NH3 ) 6 

2072 227 

KNR4 0.7161 199 971 

-· Co(NH3 ).
6 

~o(NH3 ) 6 0~8318 109 741 

~b 1 .. 698 -315 905 Co(NH3 ) 
6 

Cs 
3.614 -765 Kc r ) 741 

O\NH3 6 

01 
Co(NH3 ) 6 

1e820 -356 308 

~g 0.3589 610 608 
--lit Co(NH3 ) 6 

ICC a 
Co(NH3)6 

0.3199 679 609 

ra 
Co (11TH3 ) 6 

Oo3981 549 314 
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represent the variation of affinities of the ions for the clay 

surface., 

3+ 
Desorption of[Co(NH3 )J from Na-Co(NH3 ) 6-v~miculite., 

] 3+ 
The desorption isotherms of~o(NH3 ) 6 from its Na-

vermiculite complex are show~ b1 Figs., 43 and 44. 

It is observed that Li+and Na-t- desorb greater amount of 

[co(NH3); 3+ from Na-Oo(NH3 ) 6vermiculite than that obtained from 

H-Co(NH3)6_ vermiculite over the entire concentration range studied 

but in the case of NH,t, K+, Rb+ and Cs-t- the amount desorbed is larger 

at low concentrations of the electrolytes added but at higher con-

centration of the desorbing ions the extent of desorption is less 

than obtained from H-Co(NH3 )
6
-vermiculite by these electrolytes. 

Similar observation is made in the case of desorption by quaternary 

ammonium ions where at higher concentration of the e;J.ectrolytes, the 
3+ 

amount of [oo(NH3 ) 6J desorbed is less than what is obtained from 
-t

H-0o(NH3) -vermiculiteQ However, with bivalent ions and H , the 
6 . 

amount des orbed in the present case is much larger thru1. that obtained 

from H-0o(Ini3 )6-vermiculite by these electrolytesQ 

The nature of the isotherm obtained for H+ (Fig., 44) 

is similar to that observed in the cases of Na-Ooen3-bentonite, 

Na-Co(NH3) 6-bentonite and Na-Coen3-vermiculite. In all these cases 
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a small break in the desorption curves appears indicating two 

types of adsorption siteso The initial portion refers to the 
. 3T 

desorption of easily replaceable [Co (NH3) 
6
l ions followed by a 

region of much smaller slope, suggesting the existence of the more 

difficultly replaceable [Co(NH3 )'6J~{onso 

The CTA+ and CP+desorption isotherms are almost S-shaped 

as observed earliero Most of the CP+ and CTA+desorption isotherms 

are characterised by an inflection signifying the end of one process 

and the beginning of anothero In such cases the desorption per unit 

concentration attains a maximum value at a particular concentrationo 

This may clearly be shown by a differential curveo This particular 

concentration varies with the nature of the silicate mineralo 

The selectivity coefficient and distribution coeffi-

cients are given in Table 21o 

According to the selectivity coefficients, the ions may 

be placed in the order: Li(Na .( NH4<K (Rb .( Cs .( H for the monovalent, 

Ca( Mg( :Ba for bivalent and (C2H5 )4N ( (CH3 )4N<< CTA<( CP for the 

q_uaternary ammonium ions studiedo The order is almost the same as in 

the case of H-Co(NH3) 6-vermiculite except in the relative position 

of H+ o This irregular behaviour of H is however, well known as 

discussed earlier (P 46 ) o 

From a linear plot of Barrer's equation (Figo 45) the 

thermodynamic equilibrium constants, standard Gibbs free energy 

change and energy of interaction have been calculated and is shown in 

-----~·--- ---
---- - --==---~ 
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Table 21 

Desorption characteristics of [Co (Jrn3 )~+ v1i th respect to 

different ions ~rom Na-Co(NH3 ) 6-vermiculite~ 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Electrol;z:te 

LiCl 1"25 X 10-1 (M) 0 .. 25 0.021 

2.0 " 0.,45 0.,059 

3"0 II 0.,40 0.,057 

4.0 II 0 .. 37 0"058 

NaCl 1.25 X 10-1 (M) 0.,32 0.,031 

2.0 !I O.liO 0.069 

2.75 II 0.47 0.,073 

3.25 II 0.46 0.075 

NH4Cl 1 .. 0 X 10-l(M) 1.,96 0,.309 

1.5 II 1 .. 82 0"'355 

2.25 If 1.78 0.402 

3.,0 II 1.76 0.461 

KCl 1.0 X 10-1 (M) 2.,39 0 .. 415 

1.5 II 2~28 0.472 

2.25 II 2.25 0.,577. 

2.75 II 2.26 0.652 
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Table 21 (Contd) 

Electrolyte Concentration of Distribution Selectivity 
use:ci electrolyte Coefficient Coefficient 

RbCl 0.25 X 10-1(M) 4.28 0.,477 

0.50 II 4.,16 0.615 

0.75 II 3.90 0.692 

1.0 II 3.82 0.789 

1..,25 II 3.82 0.895 

~'( CsCl 0,;25 X 10-1(M) 8.41 1.,165 

0..,50 II 7~14 1.,26-9 

0.75 II 6 .. 98 1.532 

1.0 II 6.,89 1.824 

HCl 1.,5 X 10-2 (M) 29.67 4.856 

3.0 II 13.65 2.433 

5.0 II 9.73 1,;970 

7.0 II 8 .. 45 1.923 

13.0 II 6a83 2.056 

2:1 Electrolyte 

-~ I'llgCl2 0.25 X 10-1 (M) - 3.,59 0.285 

0.50 If 2~49 0,.278 

0.75 it 1.99 0.275 

1.25 II 1.47 0.271 

CaCl2 0.25 X 10-1 (M) 2.39 0.202 
0.50 If 1.75 0.208 

0.75 II 1.51 0.219 
1.25 " 1.,16 0.219 

2.,0 !I 0.96 0.228 

~ 
'•':! 
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Table 21 ( Contd.,) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coeffj.cient 

BaC12 0.125 X 10-1 (M) 10.81 0.,489 

0.25 II 6.77 0.487 

0.50 II 4.28 0.458 

Quaternar;y: 
ammonium salt 

( CH3 ) 4lil13r 4.0 X 10-2 (M) 4"56 0.314 
-~ 

8.0 " 2.47 0.328 

(c 2H5 )
4

NBr 4.0 It 2.06 o.a.99 

8.0 !I 1.80 0-.213 

CTABr ·4.0 X 10-3 (M) 270.3 36.89 

8.0 II 114.9 18.91 

CPCl 8.0 X 10-3 (!VI) 310.6 57.18 
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-.....:. 
Table 22~ The values are almost identical with those stated 

previously (Table 20) except the values of Ew corresponding to 

the desorbing ions Mg and Ba, where it is negative. The negative 

~V value sue;gests that in the particular cases the system behaves 

as a regular one® The plot of log (selectivity coefficient) vs~ 

hydrated ionic radius (Fig., 46) is a curved one but when the former 

is plotted against Debye Ruckel parameter 1/a0 a straight line is 

obtained .. 

2+ Desorption of Mg from Mg-vermiculite 

The preparation of Mg-vermiculite and its subsequent 

desorption procedure is the same as in the case of Mg-bentonite 

(P 51) described earliera The percentage of Mg-vermiculite complex 

used for the desorption studies is 1.,980 

2+ 
The desorption isotherms of Mg from its vermiculite 

complex are shown in Figse 47 and 48. The curves obtained are almost 

r. 13+ r. ( · ]3-t alike as obtained in the desorption of LCoen3 and Leo NH3 ) 6 

from their bentonite and vermiculite complexes .. The only difference 

is that the amount desorbed is much greater in the present case. If 

we compare the desorption of Mg2+from Mg-bentonite with that of Mg-

vermiculite, it is obs~rved that except in the case of Li and quater-



Table 22 

Thermodynamic data calculated from Barrer's model at 25°0. 

Exchange Thermodynamic AG0 

C~/mole system equilibrium constant Cal/ mole 

Li 0.0598 1679 24 K Co(NH ) 
3 6 

~a 
Co(NH3 )

6 
0.0758 1537 19 

.,. 
rC Oe7762 151 521 

Co(NR3 )
6 

KNH4 
Oo(NH3 ) 6 

0.5957 308 480 

Rb 1.413 -205 686 K Co(NH3 ) 6 

Kcs 
Co(11H3 ) 6 

2.089 -439 502 

KH 
Co (NH3 ) 6 , 2.042 -425 54 

I~~(NH ) 
0.2512 823 -102 

-~ 3 6 

KOa 
Oo(NH3 )

6 
0.2291 878 45 

~a 
Co(}TH3 ) 

6 
0.4102 531 -168 
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nary ammonium ions, the values of the selectivity coefficients are 
2+ much higher in the latter case indicating stronger affinity of Mg 

for the bentonite surface than vermiculiteo The lower values of the 

selectivity coefficients with quaternary ammonium ions in the desor.-
2+ 

:ption of Mg from ·~ ts vermiculite complex is mainly due to large 

size of t~e ionso 

The distribution coefficients and selectivity coeffi

cients are shown in Table 23o In almost all cases the selectivity 

coefficients are greater than .1.0, pointing out a higher affinity 

of the ions for the mineral surface. According to the order of :pre

ference, the ions may be placed as : Li .( Na (. K ~ NH4 ~Rb /... Cs I... H for 
/ . . 

the inorganic and (Q2H5 )
4

N Z.CCH3 )
4

N for the quaternary ammonium 

ions, which is the same·as observed in the desorption of[Co(NH3 )
6
] 3+ 

.from Na..;.Co (NH3) 6-vermiculi teo 

The variable position of H ion in the series is again demonstrated 

hereo 

Ion-exchange reactions involving the quaternary a1nmonium ions are 

of considerable interest. Studies with them serve to shed light on 

the role of size and hydration in determining the selectiye uptake 

of cations by various ion-exhhangerso The influence of the size of 

the desorbing ions is shown up more explicitly in tp.e case of vermi

culite than montmorillonite. It is also observed from the result 

presented in Table 23 that the data of desorption with (C2H5 )
4

N+ 

deviate considerably from those_ with. CCH3 ) 
4

N+o The behaviour of 

(c
2
H ) N+with respect to the exchange characteristics may be explained 

5 4 
in the following maru1er: 



Table 23 

2+ 
Desorptiun characteristics of Mg with respect to different 

ions from Mg-vermiculite. 

Electrolyte Concentration of Distribution l:)electivity 
used electrolyte Ooei".ficient Uoef'ficient 

LiOl 0.25 X 10 -i (IVl) 5.58 u.-240 

v.5 tt £.1::.-69 0~'2'70 

1.,0 II 3.,50 00270 
.") 

1 .. 5 II 2.,95 0 .. 272 

NaCl 0.,25 X 10-1 (M) 10.74 0.,603 

0 .. 50 !I 9.19 0.,767 

0.,75 II 8.,12 0.,882 

1.,0 II 7 .. 16 0.,937 

KCl 0~25 X 10-1 (M) 25.65 2.,108 

0.,50 II 15.70 1.,930 

0.,75 II 12.,32 1.,995 

1.,0 II 9.,98 1 .. 949 
I 

~ NH4Cl 0.,25 X 10-1 (M) 21 .. 25 1. 658 

0,.50 II 15$26 1.757 

0.,75 II 12.46 1.963 

1.,0 II 12 .. 21 2 .. 021 

RbCl 0.125 X. 10-1 (M) 57.,84 4.222 

0.25 II 38.68 41il288 

0.50 II 23.61 4 .. 328 

0.75 II 16.7? 4 .. 53? 

~')I 
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Table 23 (Contde) 

Electrolyte Concentration of Distribution Selectivity 
used .electrolyte Coefficient Coefficient 

CsCl 0.,125 X 10-1 (M) 114.,6 10.,870 

0 .. 25 II 61 .. 69 9., 670 

0.,35 II 42.30 8 .. 409 

0.,50 li 29.44 8e428 

HCl 0.25' X 10-2 (M) 664~0 27.,23 

~ 0 .. 50 II 773.,6 47.,95 

0.,75 II 1054 88e94 

1 .. 0 II 772.,5 83.85 

Quaternary 
arnmoni um salt 

( CH3) 4~TI 0.,50 X 10-2 (M) 110e9 5.,716 

1.,0 II 58.46 3.,887 

1.5 II 38.,07 2.,887 

2 .. 0 II 29.,03 2.,395 

(C2H5) 4NI 0.,50 X 10-2 (M) 31e00 1..,116 
1.,0 II 22e76 3.,347 

~ 1.5 II 17..,18 0.,917 
2.0 II 13e55 0.,783 

(CH3) 4NEr 1.,0 X 10-2 (M) 58.,46 4.109 
2.0 II 29.03 2.439 

(C2H5 )4NBr 1.0 X 10-2 (M) 18.,70 0.,816 
2.0 II 12.,19 0.,636 
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According to Gruner (125) and Walker (12,126) the 

structure of vermiculite consists of trioctahedral mica or talc 

separated by layers· of water molecules occupying a definite space 

(4o98A0 ) which is about the thickness of two water moleculeso The 

natural vermiculite, which possesses Mg~+as the ion to balance the 

charge arising from isomorphous replacement in the octahedral and 

tetrahedral layers, consists of an alternation of mica and double 

water layerso The Mg-saturated vermiculites in the present investi

gation, presumably, have identical structureo It is evident from the 

above structural considerations that the large (C2H5 )
4

N+ havin~ a 

diameter of 7A0 (122) will experience steric hindrance in the desor-

ption of ions which are present in the interlamellar spaceo It is 

also clear from the data that only those ions which are present at 

edges and exterior s~~aces of the flakes are desorbed by ( C2H5 ) 4N~ 

With reference to the data presented in Table 24 it is 

observed that the ealcuJated thermodynamic quantities are in exce

llent agreement with the views of Weaver (12J), Barshad (11,128) 

and Walker (12,126) on structural characteristics of vermiculite. 

It has been noted by Weaver that when soil vermiculite is treated 

with a boiling solution of potassium acetate in not more than10 

minutes the basal distance o'f 14A0 decreases to 10.A.0 o Barshad and 

Walker pointed out that the nature of. the exchangeable cations 

influences the state of the interlayer water since they occur between 



Table 24 

Thermodynamic data calculated from Barrer's model at 25°0~ 

Exchange Thermodynanic 6G0 ~ 
system e~uilibrium constant Cal/ mole Cal/ mole 

Li Q.,2884 741 97 I~g 

I~: 0 ® 9120 54 356 

r(TH4 1.,799 -349 160 
Mg 

K 
KMg 1.,950 -398 54 

KRb 
Mg 4.295 -868 20 

Kcs 
Mg 12 .. 68 -1413 -171 

~g 111.,9 -2811 1180 

~~3)4N 1~096 - 54 -1578 

-~ 
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the mica layers~ For Mg2+thickness of the water layer has been 

+ 0 + 0 + 0 found to be 5$11Ao, Li , 2.,94A , K 1.,34A and NH4 1.54A ,.,. Accord-

ing to them, in Li+ there seems to be a single water layer and for 
+ + 

K and NH4 , the space is smaller than that required for a single 

molecular water Jayer and Barshad considers the mineral to be 

almost dehydrated. From these important results it is abundantly 

clear that those exchangeable cations which bring the silicate 

layers closer will show higher selectivity, larger eq_uilibrium 

constant and smaller free energy change. The actual data presented 

in Tables 23 and 24 are in accord with this conclusion. In connection 

with his 'researches on NH4 , K, Cs and Rb-vermiculites with organic 

solvent viz~ glycol Barshad (125) noticed the contraction of vermi-

culite taking no glycol molecules between unit layers., It is evident 

from this work that Rb+ and Cs + will also behave in the same way as 
+ . + 

K and NH4 • The values for these ions are also seen to be as 

expected., 

The model of Barrer has ~lso been applied here (Figs., 49 

and 50) to evaluate the thermodynamic quantities., The results obtained 

(Of .. Table 24) appear to be almost identical \vith those recorded 

previously (Tables 20, 22). In most of the cases the value of ~~ is 

seen to be positive but while Cs and (CH3) 4N ions give negative 

values., The regular behaviour of the vermiculite system when ·the 

latter ions are used as desorbing ions may be surmisede 
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As in other cases of desorption, here also a sharp 

break is observed in the log (selectivity coefficient) vs. hydrated 

ionic radius curve (Fig~ 51) but when the fo1~er is plotted against 

Debye Hfi~kel parameter 1/a0 a straight line is obtainedQ 

3+ 3--t-
The desorption curves of [Coen

3
] , [.'Jo (NH3 ) 

6
] and 

2-t-
Mg from vermiculite together with the values of the selectivity 

coefficients, thermodynamic equilibrium constant and Gibbs free 

enefgy change (Tables 15-24) indicate that these are desorbed from 

. r. i3+ rn ( 13+ 2+ the mineral surface 1n the sequenc_e : LCoen31 z.~o NH3 ) ~ (Mg , which 

is the same as was observed in the case of bentonite system. 
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Chapter VI 
3+ 

Sorption and Desorption of [Coen3J and 
3+ 

[Co(NH3 )
6
] on Amberlite-IRC -50 Resin-sy.stem. 

Amberlite- IRC-50 (Rohm and Haas Co), a carboxylic acid 

type exchanger, is commercially available in the form of white, 

opaque, near spherical particles of approximately 16 -50 mesh and 

is a copolymer of methacrylic acid crosslinked with divinylbenzen~. 

It is insoluble in water and is unaffected by strong acids and 

alkalies, oxidising and reducing agents. 

This weak cation exd.hanger was converted into its H-form by 

passing 1.0 M HCl solution repeatedly through a column of the resin. 

The exchange capacity of the H-resin was found to be 1025 me per 

100 gm of the dry resin by back titration of excess NaOH with HCl 

in presence of a%·NaCl solution. For adsorption study it was 

converted into ~he Na-form by adding an equivalent amount of NaOH 

to the H-resin. After drying the Na-resin thus formed in vacuum, 

it .was used for the a~sorption of Coen3 013 and Co(NH3 )
6
cl

3 
• The 

Na-Coen3-bes in and Na-Co (NH3 ) 6-resin were used for desorption 

studies. 

The experimental procedures for. studying adsorption of 

Coen3 Cl3 & Co(NH3 )
6

Cl3 were almost alike as in the case of clay 

minerals·;-• About 0.1 gm of Na-IRC-50 was weighed, into pyrex bottles 
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to wl1ich increasing amounts of Coen3c13 or Co(NH3)
6
cl

3 
-were added., 

The total volume was k~pt constant (10 ml) in each case by adding 

the requisite amount of water .. They were then shaken for two to 

three hours and kept overnight to attain equilibrium .. ' These were 

then centrifuged for 15 minutes or so and the amount adsorbed was 

determined .bY means of absorbance measurementse Similarly for 

desor·ption study the Na-Coen3-resin or Na-Co (1TH3 ) 
6
-resin was we~ghed 

accurately (A/0.,1 gm) in pyrex bottles to which varying amounts of 

desorbing electrolytes were added., The volume was kept constant 
' 

(10 ml) in each case by adding water. They were also shaken. for two 

or three hoU!s, kept overnight and Coen3C13 or Co(NH3)
6

Cl3 content 

of the solution was measured color~~etricallye 
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Section .A 

§.orption·Studies 

Sorption o~ Coen3c13 on'Na-IRC-50a 

The adsorption isotherm of Na-IRC-50 with Coen3c13 is given 

in Fig. 52 which is typically o~ the Langmuir type. Accordingly, 

the plot of Q against a (Fig® 52) is linear., From the slope of the 
X 

.line, the value of V m (the amount required to form a complete mono-

layer) is found to be 1000 me/100 gm, which is somewhat less than 

the exchange capacity (1025 me/100 gm)., The lower value may be 

caused by the physical inaccessibility of the resin to~the large

sized ~oen~3+ions., The latter are adsorbed so strongly (Fig~ ffi2) 

on the resin surface at low concentration that the equilibrium 

concentration becomes almost negligible., This is reflected in the 

initial portion of the adsorption isotherm·., 

Adsorption isotherm of Na-IRC-50 with Co (1m3 ) 6013 obtained 

as usual is sho\vn in Fige 57·Vm from ~he linear plot is equal to 

990 me/100 gm as against the exchange capacity of the resin (1025 me), 
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indicating in this case also a monolayer adsorptione The lower 

value of Vm may be due to the physical inaccessibility of the 

resin to the large-sized~o(NH3 )~3+ionse 
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Section B 

~sorption Studies 

The results of desorption of ~oenif+from Na-Coen3-resin 

by inorganic ions are presented in Figs. 53 and 54. It is inter-

esting to note that almost all the isotherms obtained with inorga-

nic ions are S-shaped and are identical with those obtained in 

the-desorption of ions from bentonite and vermiculite complexes, 

when CTA and CP are used as the desorbing ions. 

It is clear from the Figs~ 53 and 54 that in the initial 

part of the S-curves, the more the desorbing ions are adsorbed, the 

easier it is for additional amounts to be taken up by the solid 

matrix .. 

Similar results have been obtained earlier (E.63 ) • The 

explanation put forward for the characteristic features of the 

desorption curves in vermicl;;lli te(P.!?6'3-65) seems to be applicable 

here also~ Among different factors mentioned, the hydrophobic 

nature of the complex ions as well as their bigger sizes· and the 

peculiarity in the structural pattern of the resin architecture 

seem to be predominant~ The sequence in the desorption curves 

obtained by different ions is then understood on the basis of this 
j 

qualitative picture* Thus, Li+ with a hydration number of 3.,3 is 

a better desorbing ion than K+ having a hydration· m.unber of 0. 6 • 
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This brings out the important role of water molecules in 

desorption .. The contributions of other factors, viz .. , ionic size, 

polarisability of the ions, distance of closest approach to the 

surface, geometric factor iee, sieve action, architecture of the 

solid matrix, swelling pressure, sorption of electrolytes, binding 

energy of respective ions for the matrix, solubility of the electro-

lytes etc .. can not, however, be ignored. To illustrate, the deser-

t · f [C ] 3+b M 2+ d C 2+ . b . t d It . b d p 2011 o oen3 y g an a lons may e Cl e • lS o serve 
2+ 2+ 

that the efficiency of lVIg and Ca in the desorption process is 

not solely dependent on their respective hydration numbers .. For a 

satisfactory explanation of the results other contributing factors 

must be taken into account .. However, for understanding the se~uence 
' 

of aations effective for desorption of ~oen3] 3+and ~o(NH3) 61
3+ 

from the resin complex, the a:ppr.oach of Gregor (89) seems to be 

satisfactory., This approach is described later (Pp 79:,50) .. 

The distribution coefficients and selectivity coefficients 

shown in Table 25 may be placed in the order : Cs <Rb< K (Na( LiZ.. 

+ NH4 ( Mg ( Ca ( H e Except in the case of H , the selectivity coeffi-

cients are much smaller than 1 .. 0, which indicates a much smaller 

affinity of the desorbing ions than[Coen~+for the resin .. 

It may be observed that in the case· of monovalent ions the 

general lyotrope series is 1j.ust reversed except in the position of 



Table 25 

Desorption characteristics of ~oen~+ with respect to 
N<l-

different ions fromACoen3- IRC-500 

Electrolyte Concentratio~ orr Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1 n Electrolyte 

LiCl 3.,0 X 10-1 (M) 1-.,01 0.,0965 

5,.0 II 1.,55 0.,196 
~ 

7 .. 0 II 1.,87 0.,282 

NaCl 3.,0 X 10-1 (M) 0.,83 0.,0687 

5.,0 II L,12 0.,126 

7 .. 0 II 1.,47 0.,205 

8.,0 II 1.,67 Oe258 

KCl 3.,0 X 10-1 (M) 0.,40 Oe0298 

5.0 II 0 .. 57 000584 

7 .. 0 II 0,.91 0.,124 

- 8 .. 0 II 0.,98 0,.140 

NR4Cl 3 .. 0 X 10-1 (M) 1.75 0.,198 
~; 

5,.0 II 2.,30 0.,353 

7.,0 II 2.,74 0.,492 

RbCl 3.,0 X 10-1 (M) 0.,30 0 .. 0209 

4 .. 0 II 0.41 0.,0360 

5.,0 II 0.,51 0.,0520 

CsCl 3.,0 X 10-1 (M-) 0.,25 0.,0177 

3 .. 5 _II 0.,27 0.,0213 

4.,0 II Oe34 0.,0298 

·~ 



~ 

Table 25 (Contd~) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

HCl 2.,0 X 10-2 (M) 201 .. 8 22.,93 

3.,0 II . 536.,9 79e41 

4.0 II 667 .. 3 104.2 

5 .. 0 II 334.,7 26.,34 

2:1 Electrol;y:te 

MgCl2 4<a>0 X 10-2 (M) 14 .. 35 0.,463 

--- 7.,0 II 12 .. 72 0.,527 

10<110 II 11 .. 13 0.,557 

CaC12 4.,0 X 10-2 (M) 22.,42 0.,621 

7ro0 II 19.,43 0 .. 717 

10~0 II 16.29 0~736 
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liffr & H+. In this respect the behaviour of the resin is different 

from that of bentonite or vermiculite. The higher desorbing power 

of r~tis perhaps due to low pH of NH4 Cl solution at higher con-

/. . centrations studied. The anomalous position of H+ in the series is 

to be particularly noticed. 

A violation such as this of the lyotrope series was observed 

by earlier workers. Wiegner and Cernescu (129) carried out inter-

esting comparisons of a kaolin clay, a permutite, and chabazite 

with respect to the entry of cations of different sizes. In the 

series Li+, Na+; K+, Rb~ Cs +, they found that K-t-entered calcium 

chabazite relatively· easily, Na+ and Rb-t- less easily, Li+ and Cs+ 

still less easily. In other words, the lyotrope series shows 

itself from Li-t-to K+, but beyond this the_size of the channels 
-+ + . probably offers a hindrance to the entry of Rb and Cs • Uslng the 

substituted ammonias, it was found that the monomethyl ammonium 

ion ·was too large for easy entry and that the larger ions in the 

series were not appreciably adsorbed. ·Gregor .§..! .§:1.• (89) studied 

the selective uptake of Li~. N8:and K-+by a series of methacrylic 

acid cation exchange resins of various divinyl benzene contents 
. + + + 

and observ.red that the general order of· preference was Li) Na) K 

which is just in the ·reverse order of the lyotrope series.- This 

resin behaviour was compared with the association evidenced by the 

aikali metal acetates .. In fact, the values of' the alkali metal 

resinate activity coefficients were compared with the corresponding . 
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acetates, giving a fairly good agreements The order of ~he activity 

coefficients of the alkali salts of the halogen acids is reversed 

in the alkali hydroxides and acetates (104, 130)e The general order 

for chlorides, bromides and iodides is Li) Na> K) Rrb) Cs but for 

the acetates and hydroxides it is Cs > Rb > K) Na) Li., Harned and 

Owen (131) discussed this problem and suggested that the reversal 

is due to solvent interaction with ions, which results· in (3-Ssocia

tion between anion and cation through the solvent dipole., 

Gregor et ale (89) explained their experimental results for 

the potassium-lithum exchange in the carboxylic resin in the folLOW-

ing way: From a study of the mean activity coeff~cients vs molality 

of the alkali metal acetates, it can be seen that in general the 

values lfior potassium are higher, but that if the resin is largely 

in the. lithium form, i~e, the molality of lithium is large compared 

to potassium, YLi.Ac> YKAC and by analogy fiiR would be greater than 

~ , where fLiR and ~ are the mean activity coefficients of 

lithium and potassium resinates respectivelye This effect would be 

enhanced as the total molality increases .. Similar assumptions may 

be made in the present cas eto: · explain the ex·perimental results., 

In order to ascertain the-role of hydration (132-134) of 

ions the experiments have also been carried out in ·50% aq_ueous

ethanolic medium (Fig., 53) with Li+ , Na+and K+. It is observed 

that in each case the amount of ~oen;f+desorbed is larger than in 
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the aqueous medium and the order of preference is: K+z L{ z N~ ., 

This sequence which is a deviation from the lyotrope series, may 

be explained on the basis of solvation of these ions, the resulting 

ionic sizes, their activities and the dielectric properties of the 

solvent mixture. 

Attempts to desorb [Coen3J3+from its resin complex by que.ter

nary ammonium ions, such as (CH3 )4N, CC2H5) 4N, CTA.and CP show 

that no desorption takes place within the concentration range 

studied for (CH3) 4NBr and (C2H5 )4NBr ~- '(0.,5 M) and CTA Br and 

CPCl (0.05 M)~ This observation clearly indicates that Na-Coen3-

IRC-50 may be used for the separation of the relatively small inorg-

anic ions from the large organic ions., 

It appears that the experimental data for monovalent ion~ do 
• . . • 2..+ 2.+ 

not fit ln Barrer's model. The values correspondlng to Mg and Ca 

may however· be analysed and explained in the language of this model 

(Fig. 55)., ·The equilibrium constant, 4G0
, ~V calculated on the basis 

of this model are shown in Table 26., The values of the thermodynamic 

equilibrium constants and free energy changes suggest that the tri-

valent complex ion has got more affinity for the resin than that for 

the divalent ions, viz., Mg and Ca ., Similar to what we observed in 

the case of vermiculite and bentonite the Ew values are of positive 

sign suggesting that the resin complex be~aves as an irregular 

system., It may be noted that the plot of the hydrated ionic radius 

as well as ·reciprocal of the Debye-tiuckel parameter a 0 against log 

(selectivity coefficient) is,unlike that observed with clay minerals, 
(Fig* 56)~ : linear. 
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Table 26 

Thermodynawic data calculated from Barrer's model at 25°G • 

Exchange 
system 

Thermodynamic 
equilibrium constant 

0 .. 8913 

o. 9727 

.6Go 
Gal/mole 

68 

16 

;ryr 
Gal/mole 

452 

377 
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] 3+ 
The results of desorption of [Co(NH3) 6 from its resin 

complex are sho\~ in Figs. 58,59 and 60. From Fig. 58 it may be 

observed that the desorption curves are almost linear with all the 

monovalent ions over the concentrations used, but are slightly 

curved for the ~ivalent ions. The linearity is probably the conse-

quence of the weak .desorbing power of the monovalent ions, i.e., 
' 

· only the initial portion of the isotherm which is somewhat linear, 

is realised. The bivalent ions however, desorb more strongly and 

hence the isotherms show their typical features. The distribution 
. ' 

and selectivity coefficients shovm in Table 27 are in the order: 

Cs. ( Rb.( K ( Na Z. Li(~m4 z Mg ( Ca /.. H for the inorganic ions and 

(C2H5 )
4

N!... (CH3 )4N(<(CTA(CP for the quaternary ammonium ions, the 

order of the inorganic ions being almost the same as in the case 

of desorption of [Coen3]
3

Tfrom Na-Coen3-resin. The higher desorbing 

po~er of NH; is probably due to the low pH of NH4 Cl solution in the 

+ concentration range studied so that the _hi-gh exchangeability of H 

comes into playe 

It is interesting to note that as in the desorption of 

[Qoen3J 3Tfrom the resin, in the present case also the general lye

trope series is reversed for the monovalent ionse This reversal is 

unlike what has been observed with clay minerals and can be explai

ned in the same way as in the desorption of [Coen~3+from the corres-
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Table 27 

Desorption characteristics of~o(NH3 )J3r with respect to 

different ions from Na-Co(NI:I3 ) 6-IRC-50. 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

1:1 Ele ctrol;y:te 

LiCl 2.5 X 10-1 (M) 2.46 0.269 

3.0 II 2.37 0.271 

4.0 '~ 2.34 0.300 ' 

5.0 II 2.21 0.299 

NaCl 2,.5 X 10-1 (111) 1.59 0.161 

4.0 II 1 .. 56 0.185 

5.0 .II 1.56 0.203 

7.0 il - 1.53 0.221 

KOl 2.5 X 10-1 (Ivi) 1.27 0.121 

4.0 tl 1.29 0.150 

5.0 lf 1.24 0.167 

7.0 n 1.20 0.174 

8.0 II 1.18 0.181 

RbCl 3.5 X 10-l(M) 1.04 0.110 

4.5 II 1 .. 11 0.134 

5.0 I! 1 .. 12 0.142 

6.0 It 1.12 0.154 

OsCl 3.5 X 10-1 (M) 0.99 0.111 

4.0 !I 1.02 0.123 
5.0 II 1.06 0.142 

~-
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Table 27 ( Contd) 

Electrolyte Concentration of Distribution Selectivity 
used electrolyte Coefficient Coefficient 

HOl 1 .. 0 X 10-2 (M) 749.,9 70.62 

3 .. 0. tl 651.8 90.,57 

4.,0 II 527 .. 8 89.33 

NH4 Cl 2.0 X 10-1 (M) 3.50 0.402· 

4.0 II 3.18 0.475 

5.0 ll 3.09 0.502 + 
2:1 EJi·ectrol vte 
----.. :.11 -

MgC12 2.,0 X 10-2 (IVI) 22e59 0 .. 535 

5 .. 0 II 14.53 0.523 

10.0. II 10.04 . 0.521 

CaC12 
2 .. 0 X 10-2 (·M) 35 .. 47 o. 675 

5e0 II 23 .. 21 0.716 

10.0 II 16.16 0 .. 736 

Quaternary 
ammonium salt 

(CH3 )4NBr 4.5 X 10-1 (M) 0.20 0.0109 

~-
( C2H5 ) 

4
:tTBr 4.5 tl 0.083 0.00413 

crrABr 1.0 X 10-2 (M) 31.83 2.19 

2 .. 0 H 19.80 1.50 

C?Cl 1.0 X 10-2 (M) 73.52 5. 970 

2.0 " 31. 92' 2.788 
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pending resin complex (_._.PP 7·S,80) •. 

The results of the desorption of ~o(NH3 )~T by quaternary 

ammonium ions (Figs .. 58 and 60) is very interesting. The values of 

the selectivity coefficients (Table 27) are much smaller than those 

observed in clay minerals® This is probably due to some geometrical 

relationship of the ion to 
+ 

the resin surface .. It is also observed 

that (c2H
5

)
4

N desorbs a much 

(CH3 )4N+~ A similar behaviour 

3-t 
smaller amount of [Co(NH3 )61 than/ 

observed in the desorption of . [Co CNH3 )~T 

and [Coen3] 3+ from vermiculite was explained on the basis of its 

limited swelling .. This may be so in the case of the resin system. 

To ascertain the role of ionic hydration some desorption 

exper~ents have been carried out in 50% aqueous ethanolic mediu.m 

with Lit- , Na+ and K-t- (Fig. 58) .. It is observed that in each case 

r. ( ] 3+ the amount of ~o NH3 ) 6 desorbed is laPger than in purely aqueous 

medium with the exception of Li+. The lower affinity of Li+ for the 

resin surface in ethanolic media may be due to low dielectric cons

tant (134) of the medium as well as changes in its hydration. 

Table 28 shows the values of the thermodynamic equilibrium 

constant, standard Gibbs free energy change and energy of inter

action calculated from the linear plot on ~he basis of Barrer's 

model (Fi~s .. 61 and 8:2) $ The values of the thermodynamic equilibrium 

constants are i'l1. the order : :rm:4 > Li) Na) K) Rb for the monovalent 



< 
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Table 28 

Thermodynamic data calculated from Barrer's model at 25°Ce 

Exchange 
system 

~;(NH3) ~ 

I~~(NH3)6 

K 
Kco(NH ) 

3 6 

~t ) . Co ~rn3 6 

~b 
Co(NH3 ) 6 

~g 
Co (NH3 ) 6 

Kca 
Co (NH3) 6 

Thermodynamic AG0 

equilibrium constant Cal/mole 
~ 
Cal/ mole 

0.5012 411 392 

0 .4677 452 590 

0@3846 569 562 

1e230 -123 768 

Oe3388 645 603 

0.,5129 398 -343 

Oe8035 130 123 
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ions. For divalent ions, however, the values are in the order 
+ 

Ca) Mg .. Compared to other monovalent ions NH4 shovm a higher 

value of the thermodynamic equilibriv~ constant and negative free 
-t-

energy change. This is probably caused by H present in appre-

ciable concentration in the solutions of NH4Cl used as a desorbing 

electrolyte. It is, however, noted that the experimental data with 

cs+ do not fit in with the model. 

Both the hydrated io~ic radius and the reciprocals of the 

Debye-~uckel parameter aO when plotted against logarithm of the 

selectivity coefficient (Fig .. 63) give a linear graph as observed 

earlier in the desorption of [Coen3] 3+from this resin (:8'ig. 56). 

It can be observed from Table 25 and 27 that the values of the 

selectivity coefficient are higher with [Co(NH3) 6f+and low with 

~oen~3-t-., The order of the affinity of the trivalent complex ions 

for the resin is : ~oen~3) ~o(NH3 ) 6Y+,_ which is the reverse of the 

order of their desorption ., 
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Chapter VII 

Summary and .Conclusion 

The structures of the clay minerals, namely, kaolinit~, 

montmorillonite and vermiculite are. briefly. described. A short 

review of the ~Jkier workr• on adsorption and desorpticn of inorga

nic ions on.clay minerals and also on other substrates is presented 

in the introductory Chapter I (PP 1·-20 ). 

~he methods of analyses and the preparation of materials, 

ex·perimental details and x~ray data are described in Chapter III 

(:PP 25~32 · ) • 

The data of the adsorption experiments of Coen3c13 and 

Co(NH3 ) 6Cl3 on H-bentonite and Na-bentonite fit in with the Langmuir 

equation. The amount- of t_Coen/+ and ~Co-(NH3 ) J3-r adsorbed on H-bentoni te 

is less than the bee of the clay. This may be due to the low pH of 

the solution but as the pH is increased the adsorption of both the 

trivalent ions increases, pointing out that two categories O'f H+are . 
present in bentonite. Desorption studies with HCl also indicate two 

type~ of adsorption sites. 

The desorption characteristics of these two.inorg~ic triva-
. 2+. . 

lent complex cations and one bivalent ion, vi-z .. , Mg . from bentonite 

·with respect to different organic and inorganic ions as well as the 
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selectivity ·coefficients, the thermodynamic equilibritun constants 

and the standard Gibbs free energy change show that quaternary 

ammonium ions, CTA , CP , CC2H5)4N and (CH3) 4N desorb much more than 

the inorganic ions_. At higher concentrations the desorbing power of 

(c2n5 )
4

N+becomes less than that of (cH3 )4N-rwhich may be· due to the 
+ + lower activi~y of the former than the latter. The CTA and CP desor-

ption curves are somewhat S-shaped and have been explained by assuming 

micelle formation of_ the quaternary ammonium ions in the adsorbed 

state., It is observed that the values of the selectivity coefficients 

and the therm.odynamic equilibrium constant are greater in the a_esor

ption ~f [Coen~3+ from Na-Coen3-bentonite than those obtained from 

H-Coen3:...bentonite. Therefore, it may be said that [Coen/+ is 

attached to the Na-bentonit~ with a smaller affinity than H-bentonite. 

A similar behaviour is also noticed in the case of [Co (NH3 ) J3+ fo·r 

bentonite. The amounts of the ions desorbed from bentonite are in the 

order: [Co en/~ Do (NH3 ) ~3<_ Mg2+ (PP 33-53) .. · 

All the·desorption isotherms fit in with Barrer's model from 

which the thermodynamic equilibrium constant, the energy of intera-

ctiort between ions on adjacent sites of the exchanger and the standard 

Gibbs free energy change have been calculated. In all cases, the plot 

of log (selectiv;Lty coefficient) vs. reciprocal of Debye-Huckel 

()._0 

parameterAgives a better correlation than the hydrated ionic radius • 

. i 

I 
\ 

·i 
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The adsorption isotherms of [Coen~3+and ~o(NH3 )~+ on H

vermiculite & Na-vermiculite show that they fit in well with the 

Langmuir equation. As in the case of· bentonite, here also desorp

tion with both the ions mentioned above increase with pH, this being 

explained by assuming two types of H+ present in vermiculite. Desor

ption studies with HCl also lead. to the same ·conclusion. 

The desorption isotherms with inorganic and organic ions 

are almost alike, as observed in bentonite, except with (CH3 )
4
N+ 

+ and (C2H5 )4N ., With both these ions the amount desorbed is much 

smaller than in the case of bentonite and the relative order of 

desorbil1.g power is also reversed., This behaviour has been explained 

on the basis of the lL~ovm crystalline structure of_ vermiculite 

together with its limited c-~~is expansion and the dimensions of 

these large ions. 

Almost all the desorption isotherms fit in with Barrer's 

model from which the thermodynamic equilibrium constant, the stan-

dard free energy change and the energy of interaction have been 

calculated .. 

As observed vvi th bentonite, the plot of log (selectivity 

coefficient) against the reciprocal of J)ebye-ffuckel parameter~ 

is linear but when the former is plotted against the hydrated 

ionic radius, linearity is not observed. The higher values of the 
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selectivity coefficients and equilibrium constants in the desorption 

of ~oenif+from Na-Coen3-vermiculite than those obtained from H

Coen3-vermiculite, suggest that ~oen~+is attached to the Na

vermiculite surface with a smaller affinity than H-vermiculite. 

. ) 13+ However, the reverse effect is observed Wl th [Co (NH3 6 and vermi-

culite. 

3+ ]3+ 2+ The desorption curves of~oenJ , ~o(NH3 ) 6 from Mg from 

vermiculite as well as the selectivity coefflcients and thermodyna-

mic e~uilibrium constants suggest that they are desorbed in the 

ii 3+ r, ( . J 3+ 2+ order: LCoen3J .(!Po NH3 ) 
6 

z Mg , which is same as observed in the 

case of bentonite (PP 54-72)., 

The adsorption iso~herms and the reciprocal plots of Coen3c1
3 

and Co(NH3 )
6

Cl3 adsorption data on Na-IRC-50 agree with the Langmuir 

equation. The maximum adsorptio·n is little le-ss than the cation 

exchange capacity in both ;the cases. The desorption isotherms with 

inorganic ions ar,e S -shaped in the case of desorpti.on of [Coen3]3+ 

from Na-Coen3-IRC-50. This is not observed with the clay minerals 

except in the desorption of [Co(NH3 )J3+ from H-Co(NH3) 6-vermiculite 

by certain inorganic ions. It is also noted that in the-desorption 

of [Coen:f+ and \9o (:r:-m3 ) ~3+by monovalent ions from this resin, the 

general ly9trope series is just reversed except in the position of 

NH~ and HT, which· is not observed with bentonite or vermiculite. 

The results are explained on the basis of Gregor's model ~swell as 

solvation of the adsorbed and desorbing ions. 
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The quaternary ammoniurn ions, such as (CH3 )4N, (c2H5 )
4

N , 

OTA and CP fail completely to d~sorb · [Qoen3] 3-t-from its resin complex. 

This may be due to a v:ery ~trong affinity of [Coen3)3+for the resin 

and the comparatively large dimension o~ the quater:q_ary ammoniu,m 

ions o This interesting observation indicates that Na-Coen;3-IRc-·5o 

may be used-for the separation of the relatively small inorganic 

ions from a mixture containing large organic ionse 

The desorption data for the monovalent ions do not fit in with 

Barrer's model but for the bivalent ions a linear ~lot as expected 
- 7.+ . 

is obtainedo The results of desorption of ~o(NH3 )~
0 from its resin 

complex show that the fraction of the[Co(NH3 )J3r desorbed is higher 

than that observed in the case of lboen~3+ o 

The quaternary ammonium ions ont'he otherhand, desorb a 
3+ . 

very small fraction of [Co(NH3 )J from Na-Co(NH3) 6-IRC-50, probably 
. 13-t- . r; -,3+ 

because [co (NH3 ) 61 is less. strongly adsorbed than LCoen3r o The desor-

ption data have been utilised to evaluate the thermodynamic quanti-

ties, vizo, equilibrium constant, :free energy change etco 

In the case of desorption of [Co~n~3+ and [co (NH3) J3+from their 

respective resin complexes, the plots of log (selectivity coeffi

cient) vso hydrated ionic radius as well as reciprocal of Debye-
aO . 

H~ckel parameterLgive linear graphs. It may be noted that in the 
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is 
case of clay minerals studied, a similar plotL]lever linear. 

In order to ascertain the role of ionic hydration, desorption 

studies have also been·done in 50% aqueous ethanolic medium from 

Na-Coen3-IRC-50 and N~-Co(NH3 ) 6-IRC-50 resin with Li+ , Na+ and 

K+. It is observed that in each case the amount desorbed is larger 

than in the pure aqueous medium except in t-he desorption of [Oo(NH3)ti
from its resin complex by Li ion. The irregular· behaviour of Li+ 

·may be ascribed to the low dielectric constant of the medium as 

well as changes in its hydration. 

~+ 3+ The desorption isotherms of [Coen31 and 19o (NH3) ~ from their 

respective resin complexes together with the selectivity coeffi

cients and ~equilibrium constant indicate that·t hey are desorbed 

from the re~in in the order : ~oen~3~po(~TH3 )J3+, the same as 

observed in_ the case of clay minerals studied in the present 

investigation (PP 73-84'. 

It is cle.ar from the above that various attempts have been 
I 

made to present a co~prehensive picture on different aspects of 

exchange-equilibrium. In respect of sorption and desorption chara

cteristics some uniformity has be.en observed while montmorillonite 

and vermiculite are the exchangers. With regard to the exchange 
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characteristics, the carboxylated resin exhibits a somewhat 

different picture. This is however understood while the pe~ulia

rity of this exchanger is recalled(P.~73,80). The order of preference 

of ions for the silicate and the resin surface against the bivalent 

and two complex cations are summarized below: (Cf. Table 29). 



¥- ·~ *I ~ 

Table 29 

The order of preference of the ions for the silicate and resin surface against 

the different trivalent complex cations and bivalent ions. 

Bentonite Vermiculite ------
H-Ooen3-0omplex Li.::: Na.::: H ( K(NH4 Li<.Na<:NH4< K<H 

<.Rb<Os (Rb<.Os 

lVIg<Ba<Ba Mg<:Ca<.Ba 

( OH3) 4N ~ ( C2H5 ) 4N ( C2H5) 4N <.( CH3) 41\f 

<OTA<OP <<CT.At.... CP 

Na-Ooen3- LiG'IaG<:< NH4 Li<.Na<.l\TH4 < K 

Complex. (Rb < Cs < H <H<Rb<.Os 
IVIg< Ca<. Ba Ca<IVIg_<.Ba 
( CH3 ) 

4 
N ~ ( 02H5 ) 4 N (C2H5) 4N ( (CH3) 4N 

<eTA< CP (<eTA( CP 

. -
Resin 

Cs<Rb<K<Na~Li 

(NH4t.H 

Mg (Ca. 
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Table 29 (Contd.) 

Bentonite Vermiculite Resin 

H-Co(NR3 ) 6 Li<Na(K<NH4 Li<NaGIJH4< K 

Complex •. <Rb<(Cs (Rb<:H<Cs-
Mg(Ca<Ba Ca<Mg<Ba 
( CH3) 4N ~ ( 02H5) 4N ( C2H5) 4N .( 
(CTA (CP 

( CH3 ) 
4

N (.( CTA (CP 

Na-Co(NH3) 6- Li<::Na<K Li<.Nat.NH4.:: K<Rb<H <Cs Cs01bt.K(.Na 

Complex <NH4<Rb<.Cs Ca(Mg(Ba <(Li<NH4t..H 

( CH3 ) 4N ~-(c2H5 )4N (C2H5)4N<. (CH3)4N Mg<.Ca 

tl.OTA(~ ( C2H5) 4N (. ( CH3)4N 
.(CTA(CP /(CTA /.... CP 

Mg-Complex Li(Na<K<NH4 Li<lifa<.NH4<. K 

(Rb <Cs<H (Rb <Cs<H 
( CH3 )4N~ (C2H5) 4N (C2H5 )

4
N ( (CH3)4N 
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Table 29 speaks for itselfo .Althoilgb_in point of this 

exchange-behaviour, the alumi~osilicates are almost similar, 

occasional differences originate from their architectural dissimi-

larities as also from specificities of certain ions which are 

involved in the processo As pointed out earlie~EP44-45) the geo~ 

metric factor plays a significant role in such a fixation process_. 

This is also in agreement with the expecte'd values of selectivity 

coefficient, thermodynamic equilibrium constant and Gibbs free_ 

energy. 

The se9-uence of the desorbing ions have also been ju,st,ified 

~from the above quantitieso It should also be mentioned,in the 

conclusion"that throughout the present investigation attempts have 

been made to explain the data in quantitative language whenever 

possibleo· ·For the purpose, valuable theoretical models (PP 1?-~E?)b-ave 

been employed .. 

In addition to different quantitative methods, emprical 

approaches have also been given t_heir due credit for a satisfactory 

interpretation of the ex~erimental datao 
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Adsorption and Desorption of Coen3Cl3 on Bentonite 

J, L. Das Kanungo, S. K. Chakravarti, 111 and S. K. Mukherjee•• 

Adsorption and desorption studies of trisethylenediamine cobaltic chloride on and from a bentonite 
clay show that adsorption is according to Langmuir'\! equation, and the desorbing cations arrange themselves 

· according to the lyotrope series. Quaternary cations such as cetyltrimethylammonium (CTA +) and cetylpyri
dinium (CPt) ions desorb more strongly than the inorganic ions; cp+ having a smaller cmc than CTA *is a 
more efficient desorbing ion. Both adsorption and desorption vary with pH and ta'ke place in stages. Thus, 
adsorption corresponding to maximum (95 me.) of.Langmuir's isotherm occurs at pH 3.3; from pH 3.3 to 
5.5, 15 me. more are adsorbed and again from 5.5 to 9.8 a further 13 me. are adsorbed. 95 me. corresponds 
to charge due to isomorphous replacement in the lattice and the latter two to what has been termed 'peri
pheric acidity'. Desorption studies with pH variation also indicate the exis'tence of cations at the edges. 

In recent years a considerable amount of work has been published on the syste
matic studies of cation exchange in pure clay minerals with inorganic'•2 and organic 
cations3,4 by a number of workers, but very little study on adsorption of inorganic tri
valent complex cations5 by clay minerals has been reported so far. Our knowledge about 
the desorption of these trivalent ions from the clay complex is still meagre, the physico
chemical aspects of many of these reactions being still unknown in their fundamental 
details. It is in this context that an attempt has been made to study the sorption and 
desorption characteristics of trisethylened!amine cobaltic chloride on bentonite. 

EXPERIMENTAL 

A bentonite fraction having particle size L2.0 [.1. was isolated and collected by the 
usual method of dispersion and sedimentation of Rajasthan bentonite (supplied by 
Calcutta Minerals Supply Co. Ltd.). It was converted into theH-form by resin (IR-120) 
andDowex 2X-4 treatment and its b.e.c. was determined by titration with baryta in 
presence of 1M BaCl~ s.olution using phenolphthalein as indicator. The value was 
found to be 100.0 m.e./100 gm. 

' 
The adsorption of trisethylenediamine cobaltic chloride (Coen3Cl 3 ) on H-bentonite 

was studied first. The pH of the solutions before and after the adsorption of the complex 

*Present address: Department of Chemistry, University of North Bengal, P. 0. North Bengal 
University, Dt. Darjeeling. 

**Present address: Department of Agriculture; University of Calcutta, 35, Ballygunj Circular Road, 
Calcutta-19. 

I. Marshall, C. E., The Colloid Chemistry rif Silicate Minerals, Academic Press Inc., N.r. 1949. 
2. Basu, Adinath, .J.Indian Soc. Soil Sci., 1958,6, No.2, 71-76. 
3. Chakravarti, S. K., .J. Indian Soe. Soil Sci., 1957, 5, 85-90. 
4. Greenland, D.J. Laby, R. H. and Quirk,J. P., Trans. Faraday Soc. 1965, 61, 2013-35, 
:_>, Martin1 I. a!lq Qla\!ser ;R., /3ull. c,;roupeFrarzc. 4rGiles1 1~601 12 1 83-8, 
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varied between 3.65 and 3.30. A definite amount of bentonite suspension was taken ina 
number of pyrex test tubes and different amounts of Coen8Cl3 were added, the mixtures + 
shaken for two hours and kept overnight. The contents of the test tubes were then 
centrifuged (2000 r.p.m.) for 15 ruins. or so, and the Coen3Cl8 concentration of the 
centrifugate was estimated from absorbance measurements using the Hilger Spekkar. 
The maximum adsorption of Coen3+

3 found by difference corresponds to 95 m.e./100 g. 
which agrees fairly well with the b.e.c. mentioned above. On the basis of this 
experiment the following procedure for adsorpt_ion at different pH was adopted. 
To mixtures of H-bentonite and Coen3Cl3 containing known amounts of each were 
added varying amounts of either HOI or NaOH in order to bring them to different pH 
values. The amounts of Coen3Cl3 adsorbed after equilibrium were then determined by 
absorbance measurements as above and plotted in Fig. I against the equilibrium pH of 
the mixtures. 

120 

bo 110 
0 
0 -:p 
l5 100 

s 
"' 11 
..; 90 

a 

adsorption of Coen3 Cl3 at different pH. 
FIG. I 

For studying desorption 10 ml portions of H-bentonite suspension (varying from 
1.55 to 1.85%) were treated with the Coen3Cl3 in concentrations approximately two 
times the b.e.c. of the clay in a number of test tubes, to which varying amounts of different 
electrolytes were added. The upper limit of the final concentration of the electrolytes was 
kept about 0.3 M. The mixtures were shaken for t,_,:o hours and allowed to equilibrate 
overnight, centrifuged for 15 mins. or so and the Coen3Cl3 content was estimated by 
means of absorbance measurement. Preliminary experiments showed that the same state 
of equilibrium was obtained if Coen3 +3 was adsorbed first and then desorbed with 
electrolytes, and hence the procedure described above was followed. 

RESULTS AND DISCUSSIONS 

The adsorption isotherm of Coen3+
3 ouR-bentonite is shown in Fig. 2 The adsorp

tion data are seen to fit into the Langmuir adsorption equation (Fig. 2). It is evident from 
the grapb that no multilayer formation takes place in the range of concentration of 
Coen3Cl3 studied. The desor:ptio-o. isotherms ar(? 13hown in Figs. 3,4, & 5 and the calculated 
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Distribution and Selectivity Coefficients (see below) corresponding to a definite concen
tration of the desorbing electrolyte are given in Table l. It is observed that eomp~tred tt> 
the quaternary ions the inorganic cations desorb Coen3C13 to a much smaller extent. 

12 
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Adsorption isotherm of Coen3CI3 on H-bentonite. 
' FIG."2 

I 2 .3 oi 
CON.CEN.T~IION 0~ THE ELECTRoLYTES. AtiDEi!> ;X 10M -~ 

Desorption isotherm of Coe~3CI3 by electrolytes. 
From ~~~e : LiCI, NaCI, KCI, NH4CI, RbCl, (CHs)4 NBr, CsCI, 

. " : FIG. 3 . . , . . . 

11 
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CCNCt'"4.'TRA."TION OF THE EL£C"T~OLVTE5 A 'ODED X 102 M 

Cone. of electrolytes X 10M 
Desorption isotherm ofCoen3Cls by 

electrolytes. 

Desorption isotherm of Coen3Cl3 by CPCl (top) 
CtA Br (bottom) 

FIG. 5 
From above : BaC12, CaC12 , MgC12. 

FIG. 4 

TABLE I 

Electrolyte used Concentration of the Distribution Selectivity 
1:1 electrolytes electrolyte coefficient coefficient 

LiCl 2.0X10-1M 0.21 5.7X 10--2 

NaCl 
" 

0.26 7.7x I0-2 

KC1 
" 

0.47 lAX IO-I 

NH4Cl 
" 

0.71 2.5x IO-' 

RbCl 
" 

1.0 4.2X I0-1 r. 
CsCl 

" 
1.6 1.7 .j 

RbCl l.OX IO-IM 1.3 4.4XIO-• 

CsCl 
" 

2.3 1.1 

2 : I electrolyt6s 

MgCl2 1.2X IO-•M 0.4:4 1.8)( IO-I 

Ca Cl2 " 
0.57 2.2x IO-• 

BaC12 " 
0.72 2.6X IO-I 

Quaternary ammonium salts 

(CHs)4 NBr 1.2X I0-1 M 2.1 9.9xiO-• 

(OH3)4NBr 0.6X 10-1 M 2.9 9.8X IQ-I 

CTABr 1.2X 10-2M 21 1.26X I0-1 

CPCl 
" 

23 1.50)( IO-I 

CTABr o.6xto.-2M 28 1.34X I0-1 

CPCI 
" 

32 1.65X I0-1 

The equilibrium may be denoted by 

l Coen8+
3 + f i+z # f i+z + l Coen3+8 

where the bar rl;)fl;)rs to the species in th~ ?lar phase. The Distribution Coefficient is 

i: 
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given by Ai = m:' where mi and mi are respectively the molal concentrations of the 

species i and the Selectivity Coefficient is given by 

. (i ... z]f[Coen9 .... s]i 
K•coens = [CoenstsJl [itz]~ 

where tz is the valency of i. 

It is to be noted that the values of the Selectivity Coeffioients are in the order: Li~ < 
<Na+ < K+ < NH4+ < Rbt < Cs+ for the monovalent, and Mgtt< Ca++ < Ba+t for the 
bivalent and cetyltrimethylammonium ion (CTA+) < cetylpyridinium ion (CP+) for the 
quaternary cations. The first two series conform to the lyotrope effect. 

The desorption behaviour of the quatemary cations studied has been found to be 
of considerabla fnterest. It is noted that they are 10 to 50 times more efficient than the 
inorganic cations. This may be due to their strong adsorbability6, geometrical relationship 
to the surface, surface-active properties3, and their stronger affinity for the altered clay 
surface!-!. The concentrations used of the quaternary electrolytes, it maybe noted, exoeed 
their critical micelle concentrations (cmc), so that the multip;hd charged micelles are the 
actual desorbing species. CP+ (cmc=8.0 x10-4M) is found to be more efficient thanCTA+ 
(cmc=l.O xl0-3M) because of its lower cmc. 

The comparatively low efficiencyofNattodesorbCoen8.J.3 is shown inFig. 2. H+ is 
known to have a higher exchange power than Na+. It is apparent from Fig. 1 that as the 
pH decreases below 2.5 the adsorption of Coen3 H also decreases, but above pH 3.3 the 
adsorption increases up to pH 9.8. It may be noted that the mixture of R-elay and 
Coen3CJ3 without addition of ~:ither acid or alkali has got pH=3.3. Within the range 
o(pH 3.0 to 9.8 two distinct stages of adsorption can be recognised: 95 to no m.e. 
(difference=15 m.e.) and again from no to 123 m.e. {difference=13 m.e.). The value 
of 95 m.e. probably corresponds to change due to isomorphous lattice replacement, or 
what has been termed 'internal acidity' as distinct from 'peripheric acidity' which refers 
to the last two stages mentioned above. 

According to one point of view7 the stages correspond respectively to the adsorp
tion at edges(l5m.e.) primarily caused by Si-0 sites, and at the lateral surface{l3m.e.) 
constituted of Al-0 adsorption sites. The other point of view has been expressed by Martin 
and Glaesers who observed similar stages of adsorption with hexaminecobaltio chloride. 
According to them at high pH the adsorbate ions are no longer Co (NH9 ) 3.J. but may be 
[Co(NH3)6] (OH)t2 or [Co(NH3] 6 (OH)/ or both, depending on the pH. A similar postula
tion of [Coen3) (OH)+2 or (Coen 3 ) (OH) 2+ may be made about the adsorbate ions at higher 
pH in the present case. Further work is necessary to ascertain the correct view. Further
more, it is observed that Coen3 +3 adsorbed on the edges are less strongly held and are dis
placed more easily by Htion. Fig. 6. gives the desorption curves ofH-Coen3-bentonite and 

6. Chakravarti, S. K.,J. Indian Soc. Soil Sci., 1959,7,27-35. 

7. Ganguly, A. K. and Mukherjee, S. K.,Jour. Phys. & Coll. Chern., 1951, 55, 14291 
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of Na-Coen3 -bentonite containing resportively 95 m.e.flOOg and 110 m.e.flOOg .. 
rellpootively of Coan3 ... It is to be notod that in the Na-Coen3 bentonite the desorption 

pH 

Desorption of Coen3CI3 from H-Coen3-bentonite 
(bottom) and Na-Coen3-bentonite (top) at differentpH. 

FIG. 6 

begins at a higher pH (n;ear about 4.0) and a small break appears at 19 m.e. corres
ponding to the desporption of the cations at the edges. 

The authors' sincere thanks are due to thB authorities of the University of Kalyani 
for awarding a junior research scholarship to one of them (J. L. D. K.) 

DEPARTMENT OF CHEMISTRY, 

UNIVERSITY OF KALYANI, 

KALYANI, NADIA, 

WEST BENGAL. ReceivedJune 17, 1966. 



Indian Chem. Soc., Vol, 45, No. 3, 1968] 

Dependence of Selectivity Coefficient on Ionic Hydration and 
Debye .. H~ckel Parameter ao in the Desorption of 

. [Co en3]+3 ion from H·Coen3·bentonite 

;r, L. Daskanungo and S. K. Chakravarti 

As the knowledge of adsorption and desorption of trivalent complex cations viz. 
trisethylenedia.mine cobaltic' and hexammine cobaltic ions2 on and from a bentonite 
clay is still meagre, attempts have been made to study the fundamental details of the 
processes. In this communication, the selectivitie~ of the desorbingions from H-Coen3-bento
nite have been interpreted on the basis of ionic hydration3 and the Debye-Hiickel para
meter a0 4 using a number of mono and divalent cations (NH/, K+, Rb+, Cs+, Na+, Li+, 
Ca+2 , Ba+2 and Mg+2 ). 

·. I, · A bentonite fraction having particle size <2.0(1. was isolated and collected by the 
-,. 'usual method of dispersion and sedimentation of Rajasthan bentonite (supplied by Calcutta 

Minerals Supply Co. Ltd.) 
It was converted into the hydrogen form by resin (Amber lite I.R. -120 & Dowex 2X-4) 

treatment and its base exchange caP.acity (b.e.c) was determined by titration with baryta 
in presence of 1M BaC1 2 solution using phenolphthalein as indicator. The value was 
found to be 100.0 m.e.JlOO gm. For studying desorption, 10 ml. portions of the hydrogen 
bentonite suspension (varying from 1.55 to 1.85%) were treated with Coen3Cl3in concen
trations approximately two times the b.e.c. of the clay in a number of test tubes, to which 
varying amounts of different electrolytes were added. The upper limit of the final concen
tration of the electrolytes was kept about 0.3 M. The mixtures were shaken for 2 hr. 
and allowed to equilibrate overnight, centrifuged for 15 minutes or so and the Coen3Cl3 
content was estimated by me1-ns of absorbance measurement. Preliminary experiments 
showed that the same state of equilibrium was obtained if Coen3 

43 was adsorbed first and 
bhen desorbed with electrolytes, and hence the procedure described above was followed. 

The results of the investigations are summarized in Fig l. (a & b). It is clear from 
the graph that Rb+ and Cs+ are more strongly attached than their hydrated ionic radii 
require. It is also apparent that they cause a sharp break in the log (selectivity coefficient) 
vs. hydrated ionic radius curve, the positions of NH4+ and K+ are, however, intermediate 

r~ between the positions occupied by the two pairs of Rb+, Cs+ andNa+,Li+. On the other 
~)I hand if the parameter a • is considered to be the index of ionic size and log K, where 
' K is the selectivity coefficient, is plotted against 1/ao, a straight line is obtained. The 

results strongly suggest that in such a process of desorption of trivalent complex cation 

I. J. L. Daskanungo, S. K. Chakravarti and S. K. Mukherjee, This Journal, 1967,44, 339-344. 
2. J. L. Daskanungo, S. K. Chakravarti and S. K. Mukherjee, This Journal, 1967, communicated, 
3. Landolt-Bronstein's Tabellen, Ergan Zungsband, 1936, IIIc, 2059. 
4. R. H. Stokes and R,. A. R.obins9n1 ]. 4mer, Cf!em. $oc. 1 194~1 70~ 1870, 
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from the clay surface, the parameter ao rather than the hydrated ionic radius m~y be uti- _ 
lized t~ correla~e the affiniti~s o~ the ~ni:Valent and '\)ivalent cations for the e~panding t~e i,- · 
clay minerals viz., montmonllon1te. Similar results have been reported by us In connection .f . 

/ 

1-
z '4 
Ill ,. u c; 
LL '2 
LL 
w ·o 0 
u 

- -'2 
>- + 1- -'4 Rb 

:?: + 
1- -·s NH 4 u 
w Mg+2 ...1 -·a 
w 
(/) -t'o 
(!) 

-r"2 + -r 0 
...1 Li Li 0 

I 

1'2 1"4 rs re 2'0 2'2 2'4 '2 '22 '24 ·zs '28 

HYDRATED IONIC RADIUS J_ ao 

Correlation ofSClectivity Coefficient with h::~~te1:i:i~ :adius (Fig Ia) and Debye Hiieke1 parameter :~ 
a0 (Fig. 1b). 

irith the studies of liexammine cobaltic chloride on bentonite a:Ud by Kressman and 
Kitchener5 in their studies on -phenol-sulphonate resin exchangers. The plot oflog. K vs. 
1/a o is however on the basis of the simple model of Pauley6, the essentialfeature of which 
is the ele'ctrostatic attraction between the counter ions and the fixed i.oriic groups: It is. 
~ssumed that !!>11 the counter ions in the ibn exchanger are found at their distan~e of closest 
approach to tne fixed ionic grovps. This modeileads qualitatively to the pref~rence of the 
ion exchanger for the counter_ ions' with the sm~ller a 0 values and counter ions of higher 
valendes. Attempts have also been undertaken to explain similar results on the basis of 
~ther theoretical approaches and models. )further work is in progress. 
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Studies on the Sorption and Desorption of 
Co(NH3) 6 Cl3 on Bentonite 

J. L. Das Kanungo, S. K. Chakravarti and S. K. Mukherjee 

Adsorption and desorption studies of hexammine co baltic chloride on and from a bentonite clay 
show that adsorption is according to Langmuir's equation and the desorbing cations conform to the lyotrope 
effect. Quaternary cations such as cetyl trimethyl ammonium (CTA+) and cetyl pyridinium(CP+) ions 
des~rb more strongly than theinorganicions; CP+ having a smaller c.m.c. than CTA"" is a more efficient 
desorbing ion. At higher concentration, (CH3)4 N+, has higher desorbing power than (C2H5) 4N+ which 
may be due to the comparatively low activity of the .latter than the former; at low concentrations, however, 
as expected, the reverse effect is observed. The experimental data strongly suggest that in the process of 
desorption of trivalent complex cation from the clay surface the·Debye-HUkel parameter a 0 rather than 
the hydrated ionic radius may be found to correlate with the relative affinities of univalent and bivalent 
cations for montomorillonite surface. 

Systematic studies of cation exchange in pure clay minerals carried out by different 
workers reveal that certain specificities in the exchange behaviour may be traced to the 
lattice configurations of the clay minerals1 ·4. Specificities such as catiorio..;e:ffect 
with respect to exchange capacity of c]a yminerals have also been carried out by Mukherjee.5 

Most of the earlier ivestigations on exchange equilibria, selectivity etc. were primarily 
based on the results of interaction of clays ·with simple inorganic6, 7 and organic ca tions8•9 

but very little study on the adsorption and desorption of inorganic trivalent complex 
cationsxo,u has been reported so far; the physico-chemical aspects of many of these reac
tions being still unknown in their fundamental details. It is in this context that an attempt 
has been made in the present investigation to study the sorption and desorption charac
teristics of hexammine co baltic chloride on bentonite. 

EXPERIMENTAL 

A bentonite fraction having particle size <2.0[1. was isolated and collected by the 
usual method of dispersion and sedimentation ofSaurastra bentonite (supplied by Calcutta 
Mineral Supply Co. Ltd.). It was converted into the H-form by resin (Dowex 50W-X8 
and Dowex 2-X8) treatment and its b.e.c. was fo.und to be equal to 110 m.e./100 gm. by 

I. J. B. Page, and L. D., Baver, Proc, Soil Sci. Soc. Amer., 1939,4, 150. 
2. A. L. S. Bar, and H.J. E. Tendeloo, Koll Beih., 1936, 14, 97. 
3. H. B. Hendricks, and L. T. Alexander, Proc. Soil. Sci. Soc., Amer., 1940, 5, 95. 
4. P. Schachtschabel, Koll. Beih, 1940, 51, 199. 
5. S. K. Mukherjee, Bulletin No.6, Indian Soc., Soil Sci., 1951, 89-95. 
6. C. E. Marshall, 'The colloid chemistry ofsilicate Minerals', Academic Press, Inc., N.Y. 1949. 
7. Adinath Basu, J. Indian Soc. Soil. Sci., 1958, 6, No. 2. 71-76. 
9. S. K. Chakravarti, J. Indian Soc. Soil Sci., 1959, 7, 27-35, 
8. D. K. De, S. K. Chakravarti and S. K. Mukherjee, Science & Culture, 1966, 32, 182-183. 

10. I. Martin, and R. Glaeser, Bull. Groupe Franc. Argiles, 1960, 12, No.7, 83-8. 
11. J. L. DasKanungo, S. K. Chakravarti and S. K. Mukherjee, Jour. Indian. Chem. Soc. 1967, 4;1, No.4, 

339-344. 
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BaC12-Ba(OH)2 method. The adsorption of hexammine cobaltic chloride Co(NH3)s 
Cl3 was studied first. A definite amount of bentonite suspension was taken in a number of 
pyrex bottles and different amounts of Co(NH3)6Cl3 were added. The bottles were then 
shaken for two hours and kept overnight to attain equilibrium. These were then centrifug
ed (2000 r.p.m.) for 15 mins. or so and Co (NH3) 6 013 content was estimated from ab
sorbance measurements with the supernatant liquids using the Zeiss photoelectric grating 
colorimeter 'Spekol'. The pH of salt plus clay mixture before and after adsorption varied 
between 3.70 and 3.35. The maximum adsorption of Co(NH3) 6"3 corresponds to 1CO m.e.f 
100 gm. which is somewhat less than the b.e.c. The H-bentonite w:as then mixed with 
cobaltammine chloride in concentrations approximately 300 me./100 gm., i.e., three 
times the b.e.c. After 24 hrs. the excess salt was washed out with distilled water till the 
leachate gave zero optical density. The resulting clay was then resuspended in water. 
For studying desorption 10 ml portions of the above suspension (I. 72 %) were taken in a 
number of pyrex bottles and varying amounts of chlorides of different metals were added. 
The upper limit of the final concentration ofthe electrolytes was kept about 0.36M. These 
were then shaken for 2 hrs and allowed to equilibrate overnight, centrifuged for 15 mins. 
or so and the Co(NH3)6 Cl3 content was estimated colorimetrically. 

RESULTS AND DISCUSSION 

The adsorption isotherm of Co(NH3) 6+s on H-bentonite is shown in Fig. 1. The 
adsorption data are seen to fit well into.the Langmuir adsorption equation (Fig. 1). It is 
evident from the graph that no multilayer formation takes place in the range of concen
tration of Co(NH3)6 Cl3 studied. The desorption isotherms are shown in Figs. 2 and 3 
and the calculated Distribution and Selectivity Coefficients corresponding to a definite 
concentration of the desorbing electrolyte are given in Table I. It is observed that com
pa.red to the quaternary ions the inorganic cations desorb Co (NH3) 6CJ3 to a much smaller 
extent. Both kinds of ions, however, desorb in increasing amounts with the concentration. 

110 

100 

~ 
g 90 

"' ~ : eo g 
c 

"' .; e ~o 

60 

3 . 4 !5 6 7 8 
3 

9 10 II 

EQUILIBRIUM CONCENTRATION OF Co(N~l6 CI 3xl0 M -··· • 

FIG. 1 
Fig. 1. Adsorption isotherm of Co (NHs)G Cl3 on H-bentonite. 
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It will be noticed that the value of the Selectivity Coefficients follow the lyotrope 
series being in the order: Li+ <Na+ <K+ <NH,/ <Rb+ <Cs+ for the :monovalent, and 
.Mg++<Cat+<Ba-Tt for the bivalent cations. For the organic ions used the Selecj;ivity 
Coefficients are in the order: (CH3) 4N+ <(C2H 5) 4N+<CTA-T<OP+ in the low concentration 
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Fig 2. Desorption of Co (NH3) 6+3 from clay-Co (NH)s complex with electrolytes. 
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range. The order is reversed at high concentration in the case of the tetraalkylammo
nium ions (of. Fig. 2). The reversal may be due to the comparatively low activity'• of 
the former at higher concentrations. The desorption behaviour. of the large organic cations 
studied has been found to be of considerable interest, It is noted that the efficiency oflarge 
organic cations in desorbing Co(NH3 ) 6+3 from its bentonite complex is much more than 
that of the inorganic cations. The peculiar behaviour of these reagents may be due to their 
strong adsorbability9, geometrical relationship to the surface, surface-active properties'3 

and their stronger affinity for the altered clay surface'3 . The desorption sutides with the 
quaternary electrolytes have been carried outat concentrations exceeding their critical 
micelle concentrations, so that the multiple charged micelles are the actual des orbing 
species. cp+ is found to be more efficient than CTA+ because of its lower c.m.c. 
(8.0xi0-4M)Fha~ -the latter (c.m.c.=I.OxiO-SM). 

TABLE I 

Electrolyte used Concentration of the Distribution Selectivity coefficient 
1 :1 electro[ytes electrolyte coefficient 

LiCl 0.16 M 0.81 0.11 
NaC1 

" 
1.0 0.14 

KCl 
" 2.37 0.49 

NH4Cl 
" 2.6 0.58 

RbC1 
" 4.8 1.63 

LiCI 0.08M 0.7 0.067 
NaCl 

" 1.0 0.115 
KCl 

" 2.5 0.38 
NH4Cl 

" 2.7 0.43 
RbCl 

" 6.5 1.43 
CsCI 

" 10.5- 4.:1 

2 : 1 elctrolytes : 
MgCl2 0.16 M 1.4 0.26 
CaCl2 

" 1.45 0.27 
BaCI2 ,, 1.5 0.28 
MgCl2 O.OBM 1.5 0.19 
CaCb 

" 1.65 0.21 
BaCh 

" 1.8 0.22 

Quaternary ammonium salts : 
(CH3)4NBr 0.16 M 5.2 1.8 
(C.H5 ) 4NBr 

" 4.3 1.4 
(CH3) 4NBr 0.08M 8.3 2.2 
(C2H 5)4NBr 

" 7.6 2.0 
(CHs)4 NBr 0.02 M 18.0 3.6 
(C.Hs)4NBr 

" 22.5 5.0 
CTABr 0.012 M 73.5 21.6 
CPCI 

" 93.0 34.0 
CTABr 0.006 M 81.0 16.5 
CPC1 

" 101.0 21.0 

12. S. Lindienbaum and G. E. Boyd, .J. Phys. CheTfl., 1964, 68, 91 I. 
l3, s. K;. Cha~ravarti,l Indian So~. Sl!il Sci.1 1957 51 85-~0 •. 
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Fig. 4. Correlation of Selectivity Coefficient with hydrated ionic radius and De bye Hilckel parameter a 0

• 

An attempt has also been made to correlate the Selectivity Coefficients which gives 
a measure of the selectivit'es of ions for montmorillonite with some other properties of the 
ions, viz., hydrated ionicradius'4 and theparametera0 '5 oftheDebye-Hiickel equation,
log y±=Ay!J./(l+Ba0 yi):). It appears from the graphs in Fig. 4 that Rbt and cs+ are. 
more·strongly attached than what is required by hydratedi onic radii. NH4 t and Kt which, 
as expected, stay close together and occupy an intermediate position between the two 
pairs Rbf, Cst, and Nat, Lit. On the other hand, if l/a0 isplottedagainst logK, a straight 
line is obtained. The latter strongly suggests that in the process of desorption of cobalt 
hexammine ion from the clay surface by smaller inorganic cations the Debye-Huckel a 0 

rather than the hydra ted ionic radius show a better correlation. Similar findings have been 
reviewed by Kressman and Kitchener'6 who have also reported their own results with 
phenol sulphonate resin exchangers, which agree with the above. 
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