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INTERPRETATION OF THE VARIABILITY OF SELECTIVITY 
COEFFICIENTS FOR EXCHANGE BETWEEN IONS OF 

UNEQUAL CHARGE ON SMECTITESl 
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~~tract-Io~-~xchang~ ex.periments in expanding clay minerals conducted over a wide range of surface 
lomc ~mposltlons and lomc strength produce variable mass-action selectivity coefficients . When the ex
ch~ngmg Ions are of unequa~ charge, tactoid structure appears to influence selectivity, although configu
ratIOnal entropy of adsorbed IOns may also generate variable selectivity. The degree of deviation from ideal 
mass-a~tion exch~nge is related to the dissimilarity of the ions undergoing exchange. Data involving tri
valent IOn ~dso.rptlOn on s,!!ectItes sugge~t that mass-action is a poor approximation when the adsorbing 
and des.orbmg I.O~S h.ave different hydration energies and charge. No form of exchange equation is suc
cessful 10 .d~scflbmg I~n exchange for a wide range of experimental conditions, although the fluctuation of 
the s~lectJvlty coefficlen.t follows consistent trends with changing experimental conditions. The strong ad
~orptlon of hIgh-charge Ions on clays is not exothermic, but must be driven by the increasing disorder of 
Ions and/or water. 
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INTRODUCTION 

The equations for exchange on surfaces between ions 
of unequal charge have received considerable atten
tion, at least partly as a result of the non-constant 
nature of the mass-action ion selectivity coefficient. 
Although modifications have been made to the mass
action equation in order to maintain a constant coeffi
cient (Krishnamoorthy and Overstreet, 1949; Eriksson, 
1952), no exchange model has been developed that pre
dicts the changing selectivities that are especially evi
dent at low ionic strength (Marshall, 1964). The mass
action coefficient is generally found to be dependent 
upon the ionic composition of the exchanger (Maes et 
ai. , 1976; Barrer and Falconer, 1956) and the total ionic 
strength of the solution at equilibrium (Laudelout et al., 
1968). The functional dependence on surface compo
sition and ionic strength is generally more pronounced 
for trivalent metal ion adsorption (Frysinger and Thom
as , 1%0; McBride and Bloom, 1977) than for divalent 
ion adsorption (Gaines and Thomas, 1955). Heteroge
neity of surface exchange sites might account for com
position-dependent selectivities, as has been suggested 
for C02+-Na+ and Cu2+-Na+ exchange on montmoril-
10nite(Peigneur etai., 1975; McBride , 1976). However, 
exchange studies of numerous types of surfaces have 
shown similar systematic variations of selectivity with 
surface composition, suggesting that exchange be
tween ions of unequal charge is not accurately de
scribed by mass·action concepts . Rather than assume 
a systematic variation of the heat of reaction (IlH) with 
surface composition (resulting from site heterogeneity 
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or ion-ion interaction), one can interpret large changes 
of selectivity in terms of entropy changes accompa
nying exchange reactions in clay systems. Marshall 
(1964) stated that entropy changes in the exchange of 
ions of different charge is an important factor and noted 
that exchange systems deviate greatly from the simple 
Gaines and Thomas (1953) thermodynamic model 
which allows calculation of averaged IlS and IlH values 
of exchange from the temperature-dependence of the 
mass-action "equilibrium coefficient." Because this 
coefficient is given by a form of the exchange equation 
based upon mass-action concepts and is assumed to be 
the "equilibrium constant," the calculated free energy 
of reaction (IlG) at a given surface composition is ar
bitrary and model-dependent. Using this approach, rel
atively large values of IlS for exchange between mono
valent and divalent ions on exchangers have been 
recorded (Coleman, 1952; Gaines and. Thomas, 1955). 
While hydration structure of ions probably plays an im
portant role in determining the value of IlS for an ion
exchange reaction, the extent to which adsorbed di
valent or trivalent ions are restricted by electrostatic 
attraction to individual surface sites may greatly influ
ence IlS. For example, exchange of Cs+ by Sr2+ on 
montmorillonite was accompanied by a calculated in
crease in entropy (Gaines and Thomas, 1955), which 
may be partially a result of the displacement of highly 
localized , weakly hydrated Cs+ ions on the surface by 
more strongly hydrated, more mobile Sr2+. The reac
tion of Na+ -montmorillonite with a number of divalent 
heavy metals also produced increases in entropy and 
was endothermic (Maes et al., 1976). Similarly, re
placement of K + by Ca2+ on a strong-acid exchange res
in produced a large increase in entropy (Coleman, 
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1952), possibly due in part to a large reduction in trans
lational freedom of K+ upon adsorption when com
pared to the more mobile behavior of adsorbed Ca2+. 
The trend is the same for Ca2+, Sr2+, and Ba2+ adsorp
tion on Na+-zeolites, where ~S values are positive, but 
much larger for the strongly hydrated Ca2+ when com
pared to Sr2+ and Ba2+ (Sherry, .1969). 

The present study investigates several clay-exchange 
systems involving ions of unequal charge and attempts 
to explain observed deviations of data from mass-ac
tion behavior. The extent to which systematic varia
tions in the equilibrium coefficient can be explained by 
changes in entropy and energy at the exchanger surface 
is also evaluated. 

MATERIALS AND METHODS 

A Na+-saturated montmorillonite «2 JLm) from Up
ton, Wyoming, was prepared by standard methods of 
dialysis and freeze-dried. Weighed quantities (0.100 g) 
of the freeze-dried Na+-montmorillonite were equili
brated for one day at 20 ± 1°C with 50 ml of CdNOa 
solution. The ionic strength and Na+ concentration 
were controlled at three levels by the presence of 0.01, 
0.05, and 0.10 M NaNOa. Equilibrium activities of 
Cd2+ were determined using an Orion Cd specific ion 
electrode. The use of NOa - salts prevented the possi
bility of Cd-anion complex formation in solution. The 
electrode was accurate enough to allow calculation of 
exchange coefficients at low Cd2+ adsorption levels but 
not at high levels where initial and equilibrium Cd2+ 
concentrations were not greatly different. 

As an example of exchange between a divalent and 
trivalent ion, Ca2+-saturated Upton montmorillonite 
was prepared by standard dialysis procedure (CEC = 
94 meq/loo g) and equilibrated with several concentra
tions of LaCla solution. The exchanges were conducted 
for one day at room temperature using 0.100 g ofCa2+
montmorillonite in 100 ml volumes of solution. Super
natants were separated by centrifugation and analyzed 
for La3+ by flame photometry. Two exchange isotherms 
were obtained, with the concentration of excess CaCI2 
in solution adjusted to 0.001 M and 0.01 M. X-ray pow
der diffraction analysis of the Ca2+ -and La3+ -saturated 
clay films indicated similar d-spacings for the wet and 
dry states-19 A and 14 A, respectively. 

RESULTS AND DISCUSSION 

The usual theoretical approach used in exchange be
tween ions of different charge can be demonstrated for 
displacement of a monovalent cation, M+, by a divalent 
ion, M2+: 

2M+ + M2+ ;: M2+ + 2M+ 

where the bar represents the adsorbed state of the 
ion . The mass-action equilibrium "constant" (or co
efficient) is then defined as: 

_ LM2+ 1 (M+)2 
KMA - LM+j2 . (M2+) (I) 

where the square brackets represent equivalent frac
tions of adsorbed ions and round brackets indicate 
solution activities. The value of KMA , however, is 
composition-dependent, and "surface activity" coef
ficients are generally introduced into the expression 
so that an equilibrium constant, K, can be defined: 

The assignment of variations in the selectivity coeffi
cient to composition-dependent activity coefficients of 
the adsorbed ions (f2+ , f+) is arbitrary and produces no 
further understanding of the exchange process, nor 
does it allow prediction of the functional relationship 
between KMA and surface ion composition. Since the 
"activities" of adsorbed ions as defined in Eq. (2) are 
not analogous to those of ions in solution (Thomas, 
1965) and cannot be assumed to be simply related to 
surface concentrations of ions , an approach to ex
change using a model that avoids surface activity con
cepts would be preferred. Statistical thermodynamic 
models of exchange (Harvey et al., 1966; Barrer and 
Falconer, 1956; Davis, 1950) can be used in principle 
to determine the chemical potential of adsorbed ions 
without making the approximation of solution-like be
havior. Compared with solution ions, adsorbed ions are 
restricted in translational and rotational motion, with 
the result that their entropies as well as energies are 
changed. 

The entropy change during the exchange reaction , 
~SO ex , is the resultant of several entropy contributions. 
For A2+-B+ exchange, ~Soex is given by (Hutcheon, 
1966): 

~SOex = SOA(adS) + 2S0B(so]) - SOA(SO]) - 2SoB(adS) 

where So A(Ms) and SOB(adS) are the standard entropies 
of the adsorbed metal ions A2+ and B+ and their asso
ciated water molecules, and So A(sol) and SOB(SO]) are the 
standard entropies of the metals and their hydration 
water in solution. Rearranging the above equation: 

(SoA(adS) - 2SoB(adS» - (S°A(SOI) - 2S°ll(sol) = ~Soex (3) 

one can observe that a positive entropy of exchange 
may arise from a value of (SO A(ads) - 2So

B(adS» which is 
less negative than (SOA(SO]) - 2S0B(so])' The latter term 
is expected to be large and negative because of the 
much greater order of hydration water about diva
lent ions . Thus, considering Cd2+-Na+ exchange, 
(SOed(SO!) - 2SoNa(sO]) = -14.6 - 2(14.4) = -43.4 e.u. 
Since M2+-M+ exchange on clays has ~Soex values on 
the order of 6 e.u. (Gilbert and van B1adel, 1970), 
then: 
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Figure 1. The relationship between fraction of exchange 
sites occupied by Cd2+, Oed' ionic strength and mass-action 
selectivity coefficient, KMA , in the Cd2+-Na+-montmorillonite 
system at room temperature. 

Clearly, (SOcd<adS) - 2SoNa<adS») must be negative, but 
smaller in magnitude than the standard state entropy 
difference of the same ions in solution. Such a result 
could be explained by a disordering of water molecules 
as Cd2+ moves to exchange sites and Na+ is displaced 
to solution. Since M2+ -smectites have limited interla
mellar dimensions (-10 A.), it is likely that a partial loss 
of outer-sphere hydration water is necessary for Cd2+ 
to be adsorbed, while the desorption of Na+ does not 
involve a compensating gain in outer-sphere hydration 
structure because of its weak energy of hydration. This 
entropy of hydration, ~ShYd , for the exchange reaction 
should remain essentially constant per mole of ions ex
changed unless the interlamellar dimensions ofthe clay 
are a function of surface ion composition. 

A second entropy contribution arises from the or
dering of adsorbed ions on surfaces, called configura
tional entropy, ~Sconf' This term must be introduced 
because the process of adsorption confers a degree of 
ordering on the cations which they did not possess in 
solution. Derivation of the configurational entropy for 
M2+-M+ exchange is difficult, since divalent ions bal
ance two charge sites, and site geometry can only be 
guessed. However, attempts to obtain theoretical 
expressions of configurational entropies for exchange 
between ions of unequal charge have been made (Har
vey et al. , 1966; BaITer and Falconer, 1956; Davis, 
1950); however, for expanding clays such entropy 
models are probably too simple (vide infra). Regardless 
of the exact model, surface-localized ions possess con
figurational entropy, ~Sconf' that is a function of ad-
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Figure 2. Effect of divalent ion adsorption level on KMA for 
the cases ofCd2+ and Ca2+ exchange on Na+-montmorillonite 
at room temperature and an ionic strength of 0.01 M. 

sorption level. As a result, the mass-action exchange 
coefficient does not remain constant at different levels 
of exchange. For M2+ -M+ exchange, the more localized 
nature of the monovalent ion on surfaces compared 
with the divalent ion would be expected to produce a 
positive ~Sex as the displacement of ordered M+ ions 
by less ordered M2+ increased the entropy of the clay 
phase. In addition, the positive entropy, ~Sconf> is not 
likely to be constant as a function of surface ionic com
position. These predictions are consistent with ob
served results; i.e., free energies of M2+-M+ ion ex
change change with adsorption level , and entropies for 
M2+ adsorption on M+-c1ays are invariably positive. 

The mass-action exchange coefficient, KMA , for 
Cd2+-Na+ exchange varies as a function of the fraction 
of surface sites occupied by Cd2+, 0 (Figure 1). The in
crease in KMA with increasing 0 suggests that preference 
for Cd2+ over Na+ is higher when greater amounts of 
Cd2+ are adsorbed. A similar result has been obtained 
for other M2+-Na+ exchange systems (Maes et al., 
1976). The relationship between KMA and 0 follows the 
same trend at higher ionic strength, but becomes much 
more pronounced (Figure 1) . Since the mass-action 
equation is based on the assumption of solution-like 
behavior of adsorbed ions, this variation of KMA sug
gests that adsorbed Na+ may be somewhat more re
stricted in mobility at higher values of 0, resulting in an 
apparent increase in preference for Cd2+. Alternatively, 
it is possible that the energy of Cd2+ adsorption in
creases at higher ionic strength and higher 0 or that Cd2+ 
is forced to lose more outer-sphere hydration water 
upon adsorption at higher (J. It is interesting that KMA 

is essentially constant for different ionic strengths at 
very low 0, but indicates a much higher preference for 
Cd2+ at higher ionic strengths when 0 is increased. This 
relationship indicates that at higher Cd2+ adsorption 
levels, an increase in Na+ activity in solution (i.e. , 
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higher ionic strength) causes a desorption of Cd2+ 
which is much less than that predicted by the classical 
mass·action equation. 

The non·constant nature of KMA at a given ionic 
strength with changing surface composition appears to 
be typical for M2+·M+ exchange on smectites as shown 
by data for Ca2+·Na+ exchange (Figure 2). The data 
cannot be fit to any single exchange equation over a 
range of ionic strengths and surface ion compositions. 
Despite the observation that initial adsorption of M2+ 
ions on M+·smectites at low ionic strengths strongly 
favors M2+ relative to M+ ions as shown by adsorption 
isotherms (McBride, 1976; Garcia·Miragaya and Page, 
1977), Figures 1 and 2 show that KMA is actually small
est at low M2+ ·adsorption levels. A reasonable expla
nation of these results can be given when it is realized 
that greater quantities of adsorbed M2+ increase tactoid 
formation from dispersed clay platelets, an explanation 
that has been developed previously (Banin, 1968). The 
data suggest, then, that the interlayer regions of tac
toids prefer divalent to monovalent ions more than ex
ternal surfaces, in agreement with other results and the
oretical calculations (Keren, 1979; Shainberg and 
Kemper, 1966). 

The results are also consistent with demixing models 
which are based on the premise that tactoid formation 
causes M2+ ions to concentrate in interlamellar regions 
while M+ ions occupy external sites (Shainberg and 
Otoh, 1968; Fink et al., 1971). One effect of higher ionic 
strength may be to induce tactoid formation at lower 
values of 0, thereby increasing the clay's preference for 
M2+ ions. In any event, changing platelet structure dur
ing exchange probably influences the relative ion pref
erence enough to produce the observed complex rela
tionships between KMA and surface ion composition for 
M2+·M+ exchange (Gaines and Thomas, 1955; Hutch
eon, 1966; Maes et aI., 1976). KMA tends to reach a 
maximum and then decrease at 0 values above 0.5-0.6 
(Figure 2), suggesting that since tactoid formation is 
well established when more than half of the exchange 
sites are occupied by M2+ ions (McBride, 1976; Fink et 
al., 1971), entropy considerations may dominate at high 
0. When most exchange sites become occupied by a 
given ion, the relative preference for that ion must de
crease as shown by arguments based on configurational 
entropy (McBride, 1979). 

Trivalent ions are preferred to M+ and M2+ ions on 
clays (Frysinger and Thomas, 1960; McBride and 
Bloom, 1977). Although exchange equations have been 
developed to describe adsorption of M3+ ions (Krish
namoorthy and Overstreet, 1949), the data suggest that 
the complementary cation competes only to a limited 
degree with the M3+ ion. As a result, the mass-action 
equation (and related equations) greatly overestimate 
the ability of the low-charge ion to desorb M3+ when 
exchange data at different ionic strengths are com-
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Figure 3. The relationship between the mass-action selectiv
ity coefficient, KMA , and fraction of exchange sites occupied 
by La3+ for La3+·Ca2+ exchange on montmorillonite in the 
presence of 10- ' M and 10-3 M CaCI,. 

pared, and the data are often better fitted to an equation 
which ignores the concentration of the complementary 
ion in solution (McBride and Bloom, 1977). For ex
ample, the value of KMA for La3+ adsorption on Ca2+
montmorillonite is not only much less composition· 
dependent, but also greater in magnitude at higher 
equilibrium concentrations of Ca2+ (Figure 3). Very 
similar results have been obtained for AP+-Ca2+ ex
change (McBride and Bloom, 1977), indicating that the 
mass-action equation is more satisfactory in these sys· 
terns at high than at low ionic strength. The constancy 
of selectivity coefficients in previous studies has gen
erally been obtained at relatively high ionic strength, 
and exchange equations have generally not been tested 
at lower ionic strength where variability of the ex
change "constant" might be expected (Marshall, 1964). 
The M3+·M2+ exchange systems, like the M2+-M+ sys· 
terns, show an increase in KMA when the concentration 
of the low charge ion is increased in solution. Results 
from AJ3+·K+ exchange suggest that M3+·M+ systems 
behave similarly, with the mass-action selectivity coef· 
ficient for the M3+ ion increasing with increasing ionic 
strength (Nye et al., 1%1). 

It has been generally assumed that selectivity of clays 
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Figure 4. Relationship between the La3+ adsorption func
tion, Oil - 0, and the solution activity of La3+ for La3+-Ca2+ 
exchange in 10-2 M and 10-' M CaCl2 , and La'+ -Cst exchange. 
Data for AP+-Ca2+ exchange in 10-' M CaCI. are represented 
by the broken line. . 

for M3+ ions is a result of strong electrostatic forces. 
However, a trivalent ion must balance three charge 
sites while maintaining a large hydration sphere, pro
ducing a situation that may not be energetically favor
able compared to the adsorption ofweakly hydrated M+ 
ions. To counter this effect, displacement oflow-charge 
ions on clays by M3+ produces a net decrease in the 
ordering of water molecules in solution, while the ac
companying increase in ordering of surface water is 
limited by the interlamellar volume. For Ca2 +-La3+ or 
Ca2+-AP+ exchange, no apparent change in interlamel
lar spacing occurs in suspension. As a result, the IlSoex 
for M3+ adsorption may have a large positive value, 
overcoming the possibly endothermic nature of the ad
sorption process and producing a strong preference for 
the high-charge ion. Exchange data on the Ca2+-La3+ 
montmorillonite system at several temperatures indi
cate increasing preference for La3+ at higher tempera
tures. Using the thermodynamic relationship: 

~G = ~H - TIlS (4) 

it is easily shown that the spontaneous adsorption of 
La3+ on Ca2+-clay has a positive ~Soex' Therefore, en
tropy rather than electrostatic energy, drives the strong 
adsorption of La3+ (and AP+) on clays . Tactoid for
mation should be a less important factor in M3+_M2+ 
exchange than M2+ -M+ exchange, but this does not pre
vent KMA from varying widely for different La3+ ad
sorption levels or ionic strengths. The mass-action 
model is apparently least successful in predicting ex-

change equilibrium between ions with very different 
charge and hydration properties. 

If adsorption of M3+ ions is considered to be a che
misorption process, where the concentration of the 
complementary ion is considered to have a relatively 
small effect upon the adsorption, then the activity of 
M3+ in solution is determined by the extent of surface 
coverage, 0 (McBride and Bloom, 1977): 

(M3+) = K(_O_)D 
1 - 0 

(5) 

where K is a constant and n = 1. This function de
scribes La3+ adsorption on Ca2+ -montmorillonite in 
0.01 M CaCl2 (Figure 4). AP+ adsorption data on Ca2+
montmorillonite at the same ionic strength are found to 
be comparable (broken line, Figure 4), indicating that 
AP+ is adsorbed with about the same affinity as La3+. 
At lower ionic strength (0.001 M CaCI2), the La3+ ad
sorption function has a much higher slope (Figure 4) , 
although the data can be fit to Eq. (5) with n == 0.38. 

Data for La3+ -Cst exchange on montmorillonite 
(from Krishnamoorthy and Overstreet, 1950), when 
corrected for the activity coefficient ofLa3+ in solution, 
also fit Eq. (5) with n == 1.3 (Figure 4). For a given quan
tity of adsorbed La3+, a much higher concentration of 
La3+ is maintained in solution for the La3+ _Cst than the 
La3+ -Ca2+ clay system as a result of the stronger energy 
of bonding ofCs+ by the clay relative to Ca2+. The value 
of n in Eq. (5) seems to depend upon the complemen
tary ion as wen as the ionic strength. 

The problem with exchange experiments per
formed at constant (i.e., relatively high) ionic 
strength is that the solution concentration of the 
less strongly adsorbed ion is generally not var
ied greatly. Considering M2+-M+ exchange (Eq. (I», 
a nearly constant (M+)2 term and the necessary rela
tionship that M2+ = 1 - M+ if adsorbed metals are 
measured as equivalent fractions, then: 

(M2+) = K' 0 
(I - (J)2 

where 0 = M2+. This expression has almost the same 
form as the Langmuir adsorption equation even though 
exchange data can fit this equation and stilI produce a 
constant KMA . Equations of this form (e.g., Eq. (5» 
often fit exchange data rather well under certain 
conditions. 

CONCLUSIONS 

Analysis of ion-exchange data from this study and 
previous investigations shows that any single form of 
exchange equation is unlikely to describe quantitatively 
exchange reactions on expanding clays over a wide 
range of experimental conditions. This result derives 
in part from the non-rigid nature of the clays, with the 
cation composition of the ~urfaces affecting ion selec-
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tivity by changing exchange-site geometry. The mass
action equation produces selectivity coefficients that 
vary considerably for M2+-M+ exchange, and ex
tremely for M3+ -M2+ exchange as the ionic strength and 
surface ionic composition are varied . The failure of the 
mass-action selectivity coefficient as an approximate 
" exchange reaction constant" has previously been ob
served; however, this study indicates that the devia
tions from "mass-action" behavior are consistent with 
arguments involving reaction entropy, and that the de
viations show the following consistent relationships: 

(1) An increase in solution concentration of the low-
charge (weakly adsorbed) ion causes the selectivity 
coefficient, KMA , to indicate a greater preference 
for the high-charge ion. 

(2) An increase in surface concentration of the high
charge ion generally increases the selectivity coef
ficient for that ion up to a maximum (8 > 0.5), be
yond which preference for the high-charge ion may 
decrease. 

(3) Deviation from mass-action exchange behavior is 
greatest for M3+_M2+ and M3+-M+ systems , less for 
M2+-M+ systems, and least for M2+_M2+ or M+-M+ 
systems. 

(4) Strong adsorption of high charge ions on clays is a 
result of an entropy gain associated with the dis
ordering of water or an increase in ion disorder at 
exchange sites. 

The mass-action equation can be expected to pro
duce a reasonably constant selectivity coefficient in 
cases where all of the adsorbed ions are" solution-like" 
in terms of their surface disorder (i .e., high rotational 
and translational mobility). Otherwise, the ordering of 
ions by localization at sites produces an entropy of ex
change whose magnitude is dependent upon the level 
of adsorption ofagiven ion and the degree to which the 
adsorbed and desorbed ions are " solution-like." It is 
expected that the development of ion-exchange models 
may be assisted by the qualitative concepts developed 
in this study. 
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PellOMe---TIoKalaHo, 'ITO HOHHO-06MeHHble 3KCnep"MeHTbl , npoBelleHHble Ha paCIIIHpjJlO~XCjJ rJlHHHC
TblX MHHeparraX B npelleJlaX nOBepXHOCTHhlX 110HHblX COCTaBOB H HOHHblX CI1J1 lIalOT nepeMeHHble 
K03ciJQlHQI1eHTbl Macc-IIeltcTBeHHOH CeJleKTI1BHOCTH. Korlla 06MeHHhle HOHbl I1MelOT HepaBHblH 3apjJII, 
TaKTOl1l1HajJ CTpyKTypa,no BI1I1HMOMY, BJll1jJeT Ha CeJleKTI1BHOCTb, XOTjJ KOHciJI1rypaQI10HHaR 3HTpOnl1jJ 
MCop6HpOBaHHblX 110HOB TOlKe MOlKeT BbI3h1BaTb nepeMeHHYIO CeJleKTI1BHOCTb. CTeneHb OTKJlOHeH\1jJ 
OT HAearrbHOrO MaCC-IIeHCTBeHHOrO 06MeHa CBjJ3aHa C pa3J1I1'1HeM 110HOB, BOBJle'leHHbIX B 06MeH. 
,UaHHble, BKJIIO'IalOlQl1e TpeXBarreHTHYIO allCop6QI11O 110HOB CMeKTI1TaMl1, YKa3blBalOT Ha TO, 'ITO 
Macc-IIeHCTBl1e jJBJljJeTCjJ nJlOXI1M npl16J1l1lKeHl1eM, KOfila MCop6l1pYIO~e 11 lIeCop611pYlOIQI1e 110Hbl 
I1MelOT pa3Hhle 3Hepfl111 rl1l1paTaQI1l1 11 3apjJll. HI1 OIlHa ciJopMa ypaBHeHl1jJ 06MeHa He jJBJljJeTCjJ 
nOllxolljJlQeH i\AA Onl1CaHl1jJ 110HHOro 06MeHa i\JIjJ IIIl1poKoro 11l1ana30Ha 3KCnep"MeHTarrbHb1X YCJlOBI1H, 
XOTjJ KOJle6aHI1e Ko3!fJciJl1Ql1eHTa CeJleKTI1BHOCTI1 CJleilyeT nOCJlellOBeTeJlbHblM TeHAeHQl1jJM C 113MeHeHI1eM 
3Kcnep"MeHTaJIbHblX YCJlOBI1H . CI1J1bHaR Mcop6QI1jJ rJlI1HaMl1 110HOB C BblCOKI1MI1 3apjJllaMI1 He jJBJljJeTCjJ 
3K30TepMH'IeCKOH, a IIOJllKHa nOMeplKHBaTbCjJ yBeJlH'lHBalO~MCjJ pa3ynOpRi\0'lHBaHHeM HOHOB H/I1J1H 
BOllbl. [N .R.] 

Resiimee---Experimente zum Ionenaustausch in quellfahigen Tonmineralen, wobei deren Oberflachen eine 
unterschiedliche Ionenzusammensetzung und Ionenstarke aufwiesen, fiihren zu unterschiedlichen Selek
tivitatskoeffizienten. Wenn die austauschenden lonen von ungleicher Ladung sind, scheint eine taktoide 
Struktur die Selektivitat zu beeinflussen, obwohl auch die Konfigurationsentropie des adsorbierten Ions 
eine unterschiedliche Selektivitat hervorrufen kann. Der abweichungsgrad yom idealen Austausch nach 
dem Massenwirkungsgesetz steht in Zusammenhang mit der Vnterschiedlichkeit der lonen, die am Aus
tausch teilnehmen. Ergebnisse bei der Adsorption dreiwertiger lonen an Smektit deuten darauf hin, daB 
das Massenwirkungsgesetz eine ungenaue Annaherung ist, wenn das zu adsorbierende und das zu desor
bierende Ion unterschiedliche Hydratationsenergien und Ladungen haben . Keine Art von Austauschglei
chung kann den lonenaustausch fiir einen groBen Bereich von experimentellen Bedingungen genau be
schreiben, obwohl die Anderung des Selektivitatskoeffizienten bei sich andernden experimentellen 
Bedingungen bestimmten Trends folgt. Die starke Adsorption von hochwertigen lonen an Tonen ist nicht 
exotherm, sondern muB durch die zunehmende Vnordnung der lonen und/oder des Wassers bewirkt wer
den. [V.W.] 

Resume-Des experiences d'echange d'ions dans des mineraux argileux en expansion faits sur une large 
gamme de compositions ioniques et de force ionique de surface produisent des coeficients de selectivite 
d'action en masse variables. Lorsque les ions echangeants sont de charge inegale, une structure tac
toide semble influencer la selectivite, quoique J'entropie de configuration des ions adsorbes peut aussi 
generer une selectivite variable. Le degre de deviation de J'echange d'action en masse ideal est ap
parente it la dissimilar ite des ions subissants J'echange. Des donnees impliquant J'adsorption d'ions 
trivalents sur des smectites suggere que l'action en masse est une pauvre approximation lorsque les 
ions adsorbants et desorbants ont des energies d'hydration et une charge differentes. Aucune forme 
d 'equation d'echange ne reeussit it Mcrire I'echange d' ions pour une large gam me de conditions 
experimentales, quoique la fluctuation du coeficient de selectivite suit des directions regulieres suivant 
des changements de conditions experimentales. L'adsorption forte d ' ions it haute charge sur les argiles 
n'est pas exothermique mais doit etre poussee par Ie desordre croissant d'ions etlou d'eau. [0.1.] 
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