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CLAY-POLYMER INTERACTIONS: 
SUMMARY AND PERSPECTIVES 
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Abstract--The adsorption of uncharged polymers by clays is largely "entropy-driven." Polymer confor- 
mation changes from a random coil in solution to an extended form at the surface in which adsorbed polymer 
segments or trains alternate with loops and tails extending away from the surface. Although the net inter- 
action energy, e, per segment-surface contact is small (--1 kT unit), the total energy of adsorption is large 
because the fraction of train segments, p, is commonly between 0.3 and 0.5. The adsorption isotherms are 
typically of the high-affinity type, and there is an apparent lack of desorption on dilution. Positively charged 
polymers (polycations) are adsorbed largely through electrostatic interactions between the cationic groups 
of the polymer and the negatively charged sites at the clay surface. Here e >> 1 kT unit and p > 0.7, leading 
to an almost complete collapse of the polymer chain onto the surface. Indeed, beyond a given level of 
adsorption charge reversal can occur in that the clay-polycation system effectively behaves as an anion 
exchanger. Little adsorption occurs with negatively charged polymers (polyanions) due to initial charge 
repulsion between the polymer and the clay surface. Acid pH, a high ionic strength, and the presence of 
polyvalent cations in the system enhance and promote polyanion adsorption. Uncharged polymers and 
polycations can enter the interlayer space of expanding 2:1 type layer silicates but polyanions generally 
fail to intercalate. 

The interactions of clays with biopolymers, such as proteins, nucleic acids, and polysaccharides, can be 
rationalized in similar terms. When intercalation occurs, the interlayer biopolymer is further stabilized 
against microbial (enzymatic) degradation giving rise to practical applications of clay-polymer complexes 
as flocculants and soil conditioners. Polyanions are effective as flocculants because of their large "grappling 
distance," whereas uncharged polymers are better suited as soil conditioners because they can spread over 
adjacent clay/soil particle surfaces like a coat of paint. 

Key Words--Adsorption, Anion exchange, Flocculants, Montmorillonite, Polyanion, Polymer, Soil 
conditioner. 

INTRODUCTION 
The interactions of clays with organic polymers have 

attracted the interest of soil scientists for a long time 
(Schloesing, 1874), being prompted by the biostability 
of  soil organic matter ( "humus")  which, for the most 
part, is a mixture of  dark-colored polyanions, referred 
to as humic substances. It is now generally accepted 
that clay-humus interaction in soil plays an important 
and sometimes crucial role in many soil processes, such 
as mineral cyclir~g and weathering, profile develop- 
merit, and aggregate stabilization. Indeed, the oft-quot- 
ed statement by Jacks (1963) that this interaction is 
"~ . . as vital to the continuance of life as, and less 
understood than, photosynthesis is not as farfetched 
as it might sound. With the possible exception of some 
desert and polar soils, surface soils are essentially clay- 
or mineral-organic complex systems. 

Since the early 1940's rapid advances have been 
made in our understanding of the principles underlying 
the interactions of clays with organic compounds. For 
many systems involving small organic molecules, fairly 
accurate predictions can be made about the mode of 
bonding and the orientation of the adsorbed species at 
the clay surface (Mortland, 1970; Theng, 1974). Al- 
though the information gained from adsorption studies 

of short-chain organic species forms the basis for in- 
terpreting the behavior of polymeric compounds at clay 
mineral surfaces, additional variables enter the picture 
when dealing with organic macromolecules. Besides 
being long, polymer chains are flexible, multisegment- 
ed, and polyfunctional. They may, therefore, adopt 
various conformations in solution and become attached 
to the clay surface by numerous segment-surface 
bonds. In addition, accessibility, solubility, and steric 
factors come into play during the interaction process. 
Even the order and way in which the components of the 
system are brought together and mixed can influence 
the resultant complexes. For  these reasons, clay-poly- 
mer chemistry is still largely a descriptive science, and 
the clay-polymer interaction can at best be discussed 
in semiquantitative terms (Theng, 1979). 

The following review highlights the interactions of 
layer silicate minerals with selected polymers of the 
charged and uncharged type in an aqueous environ- 
ment. 

ASPECTS OF POLYMER ADSORPTION 

The adsorption of an uncharged, flexible, linear poly- 
mer onto a clay surface generally leads to the desorp- 
tion of numerous solvent (here water) molecules from 
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Figure 1. Diagram illustrating the desorption of numerous 
water molecules from a clay surface during the adsorption of 
an uncharged linear polymer, leading to a net gain in entropy 
by the system. The change in polymer conformation from a 
random coil in solution to a more or less extended one at the 
clay/solution interface is also indicated. 

the surface. The entropy so gained provides the driving 
force for adsorption because the enthalpy change of the 
process is commonly very small and may even be pos- 
itive. Thus, the adsorption of polymers, especially of 
high molecular weight species, is largely an "entropy- 
driven" process. The data of Parfitt and Greenland 
(1970a) for polyethylene glycols adsorbing onto Ca- 
montmorillonite illustrate these points (Table 1). 

Adsorption also leads to a change in conformation in 
that the polymer, which in solution tends to exist as a 
random coil, uncoils and spreads out at the solid/solu- 
tion interface. Thus, the surface conformation is one in 
which contiguous sequences of adsorbed segments or 
" t rains"  alternate with three-dimensional "loops" ex- 
tending away from the surface, and the polymer chain 
terminates intwo free-dangling "tails" (Figure 1). Even 
when the net segment-surface interaction energy, ~, is 
only of the order of 1 kT unit, the total energy of ad- 
sorption can be very large because there are so many 
adsorbed segments. The fraction of train segments, p, 
is therefore an important parameter which for un- 
charged polymers is commonly between 0.3 and 0.5, 
i.e., an average of 40% of the total number of segments 
in the polymer chain can be attached to the mineral sur- 
face. 

The strong interaction of uncharged polymers with 
clays means that a great deal of material can be re- 
moved even from dilute (<0.2% w/v) solutions so that 

Table 1. Data for the interlayer adsorption of polyethylene 
glycols (PEG) and associated change in entropy (AS). 1 

Molecular  Weight  of  Vo lume  of  Vo lume  of  AS 
weigh t  o f  PEG adsorbed PEG adsorbed 2 water  desorbed  (ent ropy 

PEG (g/100 g) (cm3/g) (cm~/g) uni t s )  

200 7.0 ~ 0.070 0.110 -0.2 
300 13.53 0. 114 0.114 + 2.0 
400 14.63 0.124 0.124 +2.8 
600 19.04 0.160 0.132 +11.1 

1 From Parfitt and Greenland (1970a). 
2 Taking 61 • 10 -24 cm 3 as the volume per segment (mono- 

mer unit). 
3 At the upper limit of isotherm linearity. 
4 At plateau adsorption. 

the isotherms for polymer adsorption are commonly of 
the "high-affinity" (H) type (cf. Figure 8). Indeed, the 
most informative region of the isotherm corresponding 
to the initial rapid rise may be experimentally inacces- 
sible because its slope is so steep. By the same token, 
the rate of polymer desorption in the same solvent sys- 
tem is very small; so much so, that adsorption is com- 
monly virtually "irreversible" because of the small 
probability that all train segments can be simultaneous- 
ly detached from the surface and remain so sufficiently 
long for the polymer chain to move away from the in- 
terface into the bulk solution. Recent theoretical anal- 
yses by Cohen Stuart et al. (1980), however, suggest 
that the apparent lack of desorption on dilution can, in 
many cases, be ascribed to polydispersity. 

As might be expected, the amount adsorbed in- 
creases with the size or molecular weight of the poly- 
mer, if surface accessibility is not restricted, e.g., in 
dilute suspensions of Na-montmorillonite. However, 
the opposite behavior, that is, one in which uptake de- 
creases as molecular weight increases, is by no means 
uncommon, and is illustrated by condensed clay-water 
systems (e.g., illite, kaolinite, and montmorillonite sat- 
urated with cations other than Na or Li). Such systems 
are essentially "porous ,"  and molecules beyond a cer- 
tain size are physically excluded from some pore sur- 
faces. Figure 2 illustrates these points. 

The interactions of charged polymers with clays are, 
if anything, more complex than those involving non- 
ionic species (Hesselink, 1977). Apart from the vari- 
ables mentioned above, polyelectrolytes can undergo 
changes in surface charge and conformation (stretch- 
ing-coiling transformations) in response to changes in 
the pH and ionic strength of the ambient solution. 
These effects are of great importance in the use ofpoly- 
electrolytes as aggregating/flocculating agents of clay 
and colloidal dispersions. 

The adsorption of positively charged polymers or 
polycations by clays largely occurs through electro- 
static (coulombic) interactions between the cationic 
groups on the polymer and the negatively charged sites 
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Figure 3. Changes in electrophoretic mobility of kaolinite 
suspensions on adding a polycation (N-substituted piperidi- 
nium chloride polymer). Initial clay concentration: 14.9 rag/ 
liter (A), 29.8 mg/liter (B), 73.2 mg/liter (C). Note the charge 
reversal as the polymer dosage is increased beyond a certain 
level. Arrows indicate the concentration of polycation at 
which maximum aggregation (coagulation) occurred (after 
Black et al., 1966). 

Figure 2. Influence of molecular weight on the adsorption of 
uncharged polyacrylamide from aqueous solutions at 25~ by 
different clay minerals. Curve 1, Na-montmorillonite; curve 
2, H/Al-montmorillonite; curve 3, H/Al-illite; curve 4, H/AI- 
kaolinite (after Schamp and Huylebroeck, 1973). 

at the mineral surface. Indeed, beyond a given level of 
uptake a reversal of "surface" charge (from negative 
to positive) takes place, as shown in Figure 3. Here, the 
value of E greatly exceeds 1 kT unit, and adsorption 
generally leads to a rapid two-dimensional collapse of 
the polycation chain onto the surface with relatively 
few short loops (p > 0.7). 

On the other hand, negatively charged polymers or 
polyanions tend to be repelled from the clay surface, 
and little adsorption occurs. Appreciable uptake, how- 
ever, can take place under acid conditions and/or at 
high ionic strength when the negative charge on the 
polyanion becomes effectively neutralized by proton- 
ation and/or is screened by the electrolyte. Adsorption 
is also promoted by the presence of polyvalent cations 
which act as "bridges" between the anionic groups on 
the polymer and the negatively charged sites on the 
clay, as illustrated by the work of Mortensen (1962) 
(Figure 4). At acid pH, polyanions also adsorb onto the 

clay crystal edges by electrostatic interactions ("anion 
exchange") because aluminum exposed at these sites 
acquires a positive charge. Another possible bonding 
mode is that of"ligand exchange" by which the anionic 
group of the polymer enters the inner coordination lay- 
er of edge aluminum to form a coordination complex 
with it (Tate and Theng, 1980). On the whole, however, 
polyanions are adsorbed by relatively few train seg- 
ments unless the system is allowed to dehydrate when 
other bonding modes of short-range order (e.g., van der 
Waals interactions) become operative. Another feature 
of their adsorption is that, unlike uncharged and posi- 
tively charged polymers, polyanions do not enter the 
interlayer space of  expanding layer silicates (e.g., 
Ruehrwein and Ward, 1952). However, appreciable in- 
tercalation may occur at low pH when the polyanion 
behaves and adsorbs like an uncharged species 
(Schnitzer and Kodama, 1966). 

FORMATION AND PROPERTIES OF 
CLAY-POLYMER COMPLEXES 

By way of illustrating the above principles experi- 
mental data on the clay-polymer interaction may be 
cited, taking polyvinyl alcohol (PVA), cationic poly- 
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Figure 4. Adsorption of hydrolyzed polyacrylonitrile (a 
polyanion) from aqueous solutions by kaolinite as influenced 
by the nature of the exchangeable cation at the clay surface 
(after Mortensen, 1962). 
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Figure 5. Adsorption ofpolyvinyl alcohol (molecular weight 
25 • 103) from aqueous solutions by montmoriUonite. The 
polymer solution was added to air-dry clay to give a 0.5% w/ 
v suspension. A = Na-montmorillonite; B = Ca-montmoril- 
lonite; C = Cs-montmorillonite (after Greenland, 1963). 

sulfone, and soil fulvic acid as examples of an un- 
charged polymer, a polycation, and a polyanion, re- 0.70 
spectively. The adsorption of PVA by montmorillonite 
is influenced by the nature of the exchangeable cation 
and by ionic strength (Greenland, 1963), as shown in 
Figure 5. These results may be rationalized in the fol- ~ 0.60 
lowing way. In water (zero ionic strength), Na-mont- 
morillonite crystals swell and give basal spacings of -o 
-130/~ ,  whereas the Ca- and Cs-forrns do not expand ~ 0.50 
beyond a d(001) value of - 1 9  and - 1 5  A, respectively. 
The coil dimensions of PVA (molecular weight range, -~ 
17,000-67,000) in solution are 44-67.5 ~ and 53-117 ]k ~ 0.40 
for the hydrodynamic and root mean square radii, re- 
spectively (Garvey et al., 1976). Thus, the polymer can < 
presumably gain unrestricted entry into all external and 0.30 
internal crystal surfaces of Na-montmorillonite, giving 
rise to a relatively large uptake (cf. Figure 2). By the 
same token, interlayer entry is severely restricted for 0.20 
the Ca-clay and impossible for the Cs-clay. The amount 
adsorbed is correspondingly reduced as compared with 
the Na-clay. The addition of electrolytes, such as 0.10 
NaNO3, to the Na-clay suspension reduces interlayer 
swelling. Accessibility of interlayer surfaces to the 
polymer is thereby reduced, and uptake falls off ac- 
cordingly (Figure 6). 

The complex with Na-rnontmorillonite at maximum 
adsorption of PVA ( -0 .8  g/g) has a basal spacing o f - 3 0  
A, corresponding to an interlayer separation of - 2 0 / ~  
(Figure 5). For an interlayer area of --750 mZ/g, the 
maximum amount adsorbed is compatible with a rather 
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Figure 6. Effect of ionic strength on the adsorption of 
polyvinyl alcohol by Na-montmorillonite. The basal spacing 
of --130/~ for the Na-ctay in distilled water can be reduced to 
the level of its Ca ( -  19/~) and Cs (-15/~) forms by electrolyte 
(here NaNO3) addition. The polymer was added to 6% w/v 
aqueous suspensions of clay to form 1% w/v final suspensions 
(after Greenland, 1963). 
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Table 2. Adsorption of a cationic polysulfone t by montmorillonite. 2 

(A) (D) 
Amount (B) (C) Amount in trains Sum of columns 
adsorbed CEC AEC (meq/100 g) (B) + (O) 

(meq/100 g) (meq/100 g) (meq/100 g) (Column A Column C) (meq/100 g) 

Proporlion 
o f  segments 
in trains (p) 
Colume D/ 
Column A 

0 62.4 0 0 62.4 1 
8.56 49.6 0 8.56 58.1 1 

18.5 44.6 0 18.5 63.1 1 
33.6 30.7 0.97 32.6 63.3 0.97 
40.7 24.5 3.85 36.8 61.3 0.90 
43.5 23.9 5.34 38.2 62.1 0.88 
47.9 21.4 6.68 41.2 62.6 0.86 
46.6 23.7 6.37 40.2 63.9 0.86 
57.7 15.8 13.2 44.5 60.3 0.77 
58.5 14.4 15.1 43.4 57.8 0.74 
63.0 12.8 15.5 47.5 60.3 0.75 
64.3 11.1 18.2 46.1 57.2 0.71 

1 Diallyldimethylammonium chloride-SO2 copolymer; molecular weight 16.7 • 104. 
2 Suspension concentration = 1.5 g/100 ml; 30~ 
s From Ueda and Harada (1968). 

fiat, extended monolayer of PVA on each of two op- 
posing interlayer surfaces, with an average loop length 
of 10 ~ and a p-value of -0 .5 .  

That polycations are largely adsorbed by electro- 
static interactions with the negatively charged sites at 
the clay surface, resulting in mutual charge neutraliza- 
tion and chain collapse, is demonstrated by the work 
of Ueda and Harada (1968). Using Na-montmorillonite 
with a cation-exchange capacity (CEC) of 62.4 meq/100 
g, they followed the changes in CEC and anion-ex- 
change capacity (AEC) of the complex with cationic 
polysulfone with progressive adsorption. Note in Table 
2 that as the amount adsorbed increases, the AEC rises 
whilst the CEC declines. As the parent clay has no 
measurable AEC, the development of an AEC, i.e.,  of 
positive charges, by the complex can be ascribed to 
cationic groups contained in the loops and tails of the 
adsorbed polymer. By the same token, the decrease in 
CEC must be due to neutralization of the negative sur- 
face charges by train segments. The difference between 
the total amount adsorbed and the AEC therefore rep- 
resents the amount of segments in trains. Interestingly, 
up to a surface coverage of - 0 . 5 ,  all or nearly all of the 
polymer segments are adsorbed in the form of trains 
(p - 1); even at full coverage, only about 25% of the 
segments are contained in loops and tails. 

The isotherms for the adsorption of a polyanion, 
such as fulvic acid (FA) by montmorillonite saturated 
with different polyvalent cations at pH 7, is shown in 
Figure 7 (Theng, 1976). The data are consistent with a 
cation-bridge type of interaction in that the affinity of 
FA for the clay surface is closely related to the ionic 
potential of the respective cation. The linearity of the 
isotherms indicates that fresh sites are created as ad- 
sorption progresses. Since there is no interlayer up- 
take, these sites are presumably located between clay 

crystals within a "domain"  or in the " po re s "  between 
individual clay domains. However,  if the solution pH 
is taken below 4, the ionization of the carboxyl groups 
on FA is suppressed, intercalation is possible, and ad- 
sorption is greatly increased (Schnitzer and Kodama,  
1966). 

The above considerations apply to the interactions 
of clays with biopolymers.  Thus, the adsorption of pro- 
teins is pH-dependent,  generally reaching a maximum 
close to the isoelectric point of the protein (McLaren 
et al. ,  1958) (Figure 8). At this point the material is least 
soluble and so tends to accumulate at the clay/solution 
interface. Proteins, at least the globular type, appar- 
ently retain their gross native conformation on adsorp- 
tion (Morrissey and Stromberg, 1974). The adsorption 
of enzymes by clays commonly leads to a reduction in 
their respective activity, and the pH-optimum for ac- 
tivity is shifted to more alkaline values (Ramirez-Mar- 
tinez and McLaren,  1966). The presence of clays also 
modifies the maximum velocity and the Michaelis- 
Menten rate con stant of the enzyme-catalyzed reaction 
(Kobayashi  and Aomine, 1967; Makboul and Ottow, 
1979). Complex formation between clays and proteins, 
especially when intercalation occurs, tends to "pro-  
tec t"  the adsorbed species from enzymic attack (Es- 
termann et al. ,  1959). 

As might be expected, the adsorption of nucleic acids 
and nucleoproteins by clays is sensitive to solution pH, 
generally decreasing with an increase in pH (Greaves 
and Wilson, 1969). Like most proteins, nucleic acids 
can intercalate into montmorillonite without undergo- 
ing a great deal of conformational change and so be- 
come stabilized against microbial decomposition. The 
strong adsorption of viruses by clays and soils is ac- 
tually an advantage in that little virus gets into the 
ground-water system (Malina and Sagik, 1974). 
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Figure 7. Isotherms for the adsorption at 20~ and pH 7 of 
fulvic acid by montmorillonite saturated with different cat- 
ions. The slope of the isotherms, a measure of the affinity of 
the polymer for the surface, is related to the valency/radius 
ratio (i.e., ionic potential) of the respective cation (after 
Theng, 1976). 

Polysaccharides,  important components of soil or- 
ganic matter,  may be uncharged, positively, or nega- 
tively charged; their interactions with clays vary ac- 
cordingly.  Thus,  high-affinity type isotherms are 
obtained for the adsorption of uncharged polysaccha- 
rides (e.g., dextrans) by montmorillonite; the polymers 
are intercalated with a large fraction of their segments 
in trains (Olness and Clapp, 1975). Despite their rela- 
tively low intrinsic viscosity (molecular weight), posi- 
tively charged polysaccharides (e.g., chitosan, deace- 
tylated chitin) are adsorbed to the same extent as the 
most strongly adsorbed uncharged species (Clapp and 
Emerson, 1972). The former are presumably adsorbed 
with a larger segment-surface interaction energy as 
compared with the uncharged polymers of similar mo- 
lecular weight, giving rise to a virtually complete col- 
lapse of the polycation onto the clay surface. By the 
same token, negatively charged polysaccharides (e.g., 
polygalacturonic acid) are apparently adsorbed by rel- 
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Figure 8. Isotherms for the adsorption at 25~ of lysozyme 
by montmorillonite at different solution pH values, ranging 
from 1.9 to 10.3. Highest uptake occurs at pH 10.3 close to the 
isoelectric point of lys0zyme (after McLaren et al., 1958). 

atively few segments and the amount adsorbed depends 
on the nature of the exchangeable cations at the clay 
surface and the pH of the system (Parfitt and Green- 
land, 1970b). The adsorption of  polysaccharides by 
clays and soils has received much attention because soil 
polysaccharides of  bacterial origin are strongly impli- 
cated in soil aggregate stabilization (Hepper,  1975). 
Thus, the addition of polysaccharides to soil can mark- 
edly increase the amount and size of water-stable ag- 
gregates, and the polysaccharide content of  many soils 
is positively correlated with the degree of aggregation. 
Polysaccharides are likely to be very important in soils 
whose total organic matter content is naturally low or 
has been depleted by cultivation. 

PRACTICAL APPLICATIONS 

The clay-polymer interaction has found many and 
varied practical applications in agriculture and chemi- 
cal technology. One is the use of  polymers as floccu- 
lants of dilute clay and colloidal dispersions in which 
the particles are separated by relatively large distances. 
Flocculation involves both attachment of the polymer 
onto the particle surface and the bridging of  several 
particles by the adsorbed molecule ~ Because uncharged 
polymers exist as randomly coiled units rather than as 
extended chains in solution, they are generally not very 
effective as flocculating agents (Vincent, 1974). Poly- 
cations, as has been shown above, can neutralize the 
charge on clay particles and so serve as effective co- 
agulants (Black et al., 1966; cf. Figure 3); however,  
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because of their rapid collapse onto the clay surface, 
only limited interparticle bridging can be achieved. On 
the other hand, polyanions are effective fiocculants, 
especially in the presence of polyvalent cations (Rob- 
errs et al., 1974), because only a few segments of the 
polymer chain are involved in adsorption; the majority 
are present in the form of long loops and tails. Thus, 
polyanions have a relatively large "grappling distance" 
that facilitates the formation of interparticle bridges. 

Polymers have also been used as "soil condition- 
ers," that is, materials capable of increasing the me- 
chanical strength and water stability of soil aggregates 
(De Boodt and Gabriels, 1976). In many cases, the in- 
corporation of polymers into soils also has a favorable 
effect on seed germination, seedling emergence, and 
crop yield. These effects stem more from the improve- 
ment in the physical conditions of the treated soils than 
from the presence of (a small amount of) polymer as 
such. Uncharged PVA types have been found to be ef- 
fective because they spread like a"coa t  of paint" over 
the surface of soil/clay particles which are already in 
close proximity to each other (Greenland, 1963). Their 
effectiveness can be greatly increased by introducing 
the polymer at strategic positions into pores of a certain 
size range (15-50/xm) (Quirk and Williams, 1974). As 
might be expected, the larger the molecule, the more 
effective it is in stabilizing soil aggregates. For the rea- 
sons stated above, polyelectrolytes are relatively in- 
effective as aggregate stabilizers. 

Industrially, clays are used as fillers and reinforcers 
in polymer systems, such as elastomers, polyethylene, 
polyvinyl chloride, and other thermoplastics, and as 
coating agents for various types of paper. All things 
being equal, the efficiency of a filler in improving the 
physico-mechanical properties of a polymer system is 
primarily determined by the degree of its dispersion in 
the polymer matrix. Because clay surfaces are essen- 
tially hydrophilic, raw or untreated clay is not readily 
dispersible in, or rapidly wet by, the organic phase. To 
make the mineral and organic phases mutually com- 
patible, it is often necessary to render the clay surface 
organophilic prior to blending or compounding the filler 
with the polymer. This can be done by attaching a suit- 
able organic compound to the filler surface (Helmet et 
al., 1976), by exchanging the inorganic cations with 
organic counterparts (Jordan, 1963; Nahin, 1963), or by 
treating the mineral with organosilanes (Libby et al., 
1967). The most effective ways of achieving compati- 
bility are to graft a suitable polymer onto the filler sur- 
face (Kaas and Gardlund, 1976) and/or to encapsulate 
the mineral particles with a polymer layer (Hawthorne 
et al., 1974). 

OUTLOOK 

It is clear that clays cannot be regarded as chemically 
inert materials or substrates. Indeed, clays are known 

to catalyze a variety of organic reactions including 
those which lead to polymer formation (Theng, 1974). 
Some of these reactions, if not unique to clay systems, 
give yields much in excess of those obtained in homo- 
geneous solutions. Examples of such reactions are the 
formation from their respective precursors of unusually 
bonded metal-arene complexes and higher molecular 
weight species (Doner and Mortland, 1969; Tricker et 
al., 1975; Mortland and Halloran, 1976; Stoessel et al., 
1977), of polypeptides (Paecht-Horowitz, 1978), of 
polynucleotides (Ibanez etal . ,  1971), and ofporphyrins 
(Cady and Pinnavaia, 1978). Equally relevant in this 
context is the ability of clays to transform and alter a 
variety of organic compounds through reactions which, 
in the absence of clays, would only proceed under ex- 
treme or special experimental conditions. Thus, clays 
can catalyze the oxidative degradation of amino acids 
and phenolic compounds (Thompson and Tsunashina, 
1973); in the latter system the reaction can lead to the 
formation of humic substances (Wang et al., 1980). 
Similarly, clays acting as strong Lewis and/or Brcnsted 
acids, can transform purines and pyrimidines (van der 
Velden et al., 1973), sterols (De Leeuw et al., 1973; 
Sieskind et al., 1979) and fatty acids (Almon and Johns, 
1976) to yield products which occur or closely resemble 
those in sediments and crude oil. By the same token, 
clays catalyze the dimerization and isomerization of 
alkenes (Sohn and Ozaki, 1980). Clays are also impli- 
cated in chemical evolution (Lahav and Chang, 1976) 
and in the prebiotic synthesis of organic molecules 
(Fripiat and Poncelet, 1973). The earlier literature on 
this topic has been summarized by Theng (1974). Some 
more recent examples are the formation of amino acids 
from KCN and their intercalation by montmorillonite 
(Aragon de la Cruz and Viton Barbolla, 1979), and from 
CH4-N2 under conditions simulating those of the prim- 
itive earth (Shimoyama et al., 1977). It is in this area 
of organic catalysis/synthesis, and related processes 
such as chemical evolution, petroleum genesis/recov- 
ery (Foscolos et al., 1976; Czarnecka and Gillott, 
1980), and in soil-organic matter transformation (Tate 
and Theng, 1980) that future research is likely to de- 
velop. 
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PealoMe----Jla14~ynlefi c14hofi ajIcop6r4nn neaap~7~e141461x nOYlHMepOB rhnnaMu ~IBJIfleTC~I, FJ/aBHblM o6pa- 
3OM, anTponnn.  KouqbopMaI~u nonnMepa H3MeH14eTC~ OT C.rlyqafi14ofi cnHpaJIH a pacTaope ~o BbIT14HyTOfi 
qbOpMbI na  noBepXHOCTla, B KOTOpOfi cerMe~rrbi a4Icop6npoBaunblx no.r114MepoB JI146o lax nocYle~oBaTe.rlb- 
nbie p~t~bi qepeRyroTcn c H3orHyTOCTRMn 14 KOHReBhIM14 qaCT14Mn, ripocTlaparomnMncg OT noaepxnocTn.  
XOT~I qHCTa~I al-lepFla~l BaaHMo]IeI4CTB14fl, ~, laa KOHTaKT CeFMettT, HoBepxHocTh ne6onbma~ ( - 1  KT), 
o6ma14 aneprn14 a~cop6unn 6o•bmau BcJIeJICTBlae TOFO, qTO qbparim14 cepnfinbix CerMe14TOB, p, O6blq- 
nO uaxo~nvcu a npejieJmx u e ~ y  0,3 n 0,5. A~cop6t~nounbie naoTepMhI O6blqno 6 o ~ , m o r o  po)Icwua 
n laMeeTc~ v a g u e  Ka~yi~eec~ OTCyTCTBne ~ecop6R141a npn pa36aahenunla.  Ilohon<laTe~bno 3ap~>renm,ie 
noa14Mepb~ (noz14gaTHom,~) aj~cop614py~oTCa, rnaBmara o6pa3olvl, nocpe~cvBou aaeKTpocraxnqecKnx 
B3alaMOReglCTBnfi Men~Jly KaTHOHHblMH rpynriaMn rio~nMepa n OTpHUaTeJIbHO 3ap~l~gel-tHblM14 MeCTaMn ria 
noBepXHOCT14 rJIlaUbI. Flpn aTOM �9 >> 1 gT n p > 0,7, qTO IIpI4BO~HT K noqTla no~laOMy paapymenHio 
no~nuepm,~x l~enoqeK Ha noBepxHocTH. ~elTlCTalaTe.rIbriO, BHe ~anuoro ypoBna a~cop6Rnu MO:h~eT BblCTy- 
nnTb nepeMeua 3uaKa 3ap~IJla c TeM, qTO CHCTeMa r~nna--no~ngav14ola OOIoOpeKT14BHO BeReT ce6~ gag  
O6MeHnnK aHnonoB. Bc~Ie~lcTBne 14aqa.,qbnoro oTraYlKHBaHI414 3apafla M e ~ y  no~laMepoM ~ HoBepxHOCTbtO 
rJ~Hnb~ no~la~fleTC~i rie6o.qb141a~ a4Icop6tlnu c OTplaIlaTe~bnO 3ap~;~eHHbIMn no~nMepaMn (no~nan14o- 
HablH). KHC2IOTHOCTh pH,  6o~bma8 HOI-IHa~i cnJIa 14 npHcyTCTBne MHOFOBaJIeHTHblX gaTHonoa B cncreMe 
6~Iaronp14RTCTUy~aT n ycgopRlOT a~cop6Knto no~I~lan14onoB. He3apslg~e1414b~e noa~Mepbl 14 nohvlKaTnOabl 
MOFyT BXO~HTb B Me)Kc.rlOIYlHble npocTpaucTua pactunp~tu)~rixca C2IOeBbIX cn~InKaTO8 Tnna 2:1, TO2IbKO 
IIO2IHaHnoHbI, B OCHOBHOM, OTKa3bIBalOTC~I riepecJIaFIBaTbC.~l. 

B3anMoJle~iCTBlan r a n n  c 614onoJlnMepaMn, TaK14MI'I gag 6eJIK14, HyK.rlenHOBble KIdCJIOTbl n nonncaga-  
pn)lbI MOryT 6bITb pattnona~n314poaanb~ rio~o6rib~M o6paaoM. K o r e a  noaaaaueTcu  npocaofiga,  ripoMemy- 
TOqHbllt 6laorIoJmMep cTa6nJmanpyeTcn 8 ~a.qbnei;imeM OT MlaKpo68oro (enaHMaTlaqecKoro) pacna~a 
npnao~14 K npaKTnqecKoMy rlp14MeHen14K) rJI14HonoJ~laMepnbiX KOMn.rleKCOB B gaqecTBe Op.rlOKKyJLilriTOB H 
KOH~HI]~HoHepoB nOqBbI. 1][OJInaHI4OHbl aqbqbegTnBHbl gaK ~JIOKKyJ/~IHTbI na-3a lax 6OJlbn/oro ,,CXBaTbl- 
BaJomero paccToJ~nn~", 8 TO BpeM14 gag  neaapn,n~eunbte no~mMepbt ayqtue  y;aoa.rteTBOpRK)T Tpe6oBa~tnRM 
B ga,~ecTae gOH~mlnonepoa noqabi,  Tag gag onn MOryT pacTegaTbcn no nplaneraromnx ~,acT14Rax rnlanb~/ 
rIona~,i no~o6no pacTegarimo gpacg14. [E.C.] 
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Resfimee--Die Adsorption von ungeladenen Polymeren durch Tone h~ingt haupts~ichlich vonder  Entropie 
ab. Die Polymerkonformation ~mdert sich yon einer Spirale in der L~)sung zu einer gestreckten Form an 
der Oberflache, an der adsorbierte Polymer-Segmente oder Zfige mit Polymer-Schleifen und -Enden ab- 
wechseln, die vonde r  Oberfl~iche wegstehen. Obwohl die Vernetzungsenergie, E, pro Segmentoberfl5ch- 
enkontakt gering ist ( - 1  kT), ist die gesamte Adsorptionsenergie grof3, da die Spaltung der Polymerseg- 
mente, p, meistens zwischen 0,3 und 0,5 ist. Die Adsorptionsisotherme sind typisch vom Hochaffinit~itstyp, 
wobei auch bei der Verdfinnung eine Desorption offensichtlich fehlt. Positiv geladene Polymere (Polyka- 
tionen) werden haupts~ichlich durch elektrostatische Wechselwirkungen zwischen den kationischen Grup- 
pen des Polymers und den negativ geladenen Stellen auf der Tonoberfl~iche adsorbiert. Dabei ist ~ >> 1 kT 
und p > 0,7, was zu einem nahezu vollst~indigen Zusammenbrechen der Polymerketten auf der Oberfl~iche 
ffihrt. Tats~ichlich kann fiber einem bestimmten Grad der Adsorption eine Ladungsumkehr auftreten, wobei 
das Ton-Polykation-System wie ein Anionenaustauscher wirkt. Eine geringe Adsorption tritt bei negativ 
geladenen Polymeren (Polyanionen) auf, die auf dem anf~inglichen Ladungsabstol3 zwischen dem Polymer 
und der Tonoberfl~tche beruht. Ein saurer pH, eine groB Ionenst5rke und die Anwesentheit von polyva- 
lenten Kationen im System erhShen und f/Srdern die Adsorption von Polyanionen. Ungeladene Polymere 
und Polykationen k/)nnen in den Zwischenraum von quellffihigen 2:1 Schichtsilikaten gehen, Polyanionen 
kSnnen dagegen im allgemeinen nicht eingebaut werden. 

Die Wechselwirkungen yon Tonen mit Biopolymeren, wie Proteinen, Nukleins~iuren und Polysaccha- 
ride, kSnnen auf 5.hnlichem Weg verwirklicht werden. Wenn ein Einbau stattfindet, ist das Zwischen- 
schichtpolymer gegen mikrobiologischen (enzymischen) Abbau geschfitzt. Dies ffihrt dazu, dab man Ton- 
Polymerkomplexe als Flockungsmittel und Bodenstabilisierungsmittel verwenden kann. Polykationen wit- 
ken wegen ihres grofSen "grappling distance" als Flockungsmittel, w~ihrend ungeladene Polymere besser 
als Bodenstabilisierungsmittel geeignet sind, da sie sich wie eine Farbhaut fiber aneinander grenzende Ton/ 
Boden-Teilchen breiten k/~nnen. [U.W.] 

Rfsum6--L'adsorption de corps polym~res sans charge par des argiles est pour la plupart "conduite par 
entropie." La conformation de corps polym6res change d'une bobine au hasard en solution en une forme 
6tendue h la surface dans laquelle des segments ou des trains de corps polym~res adsorb6s alternent avec 
des boucles et des queues s'61oignant de la surface. Malgr6 que l'6nergie nette d'interaction, ~, par contact 
segment-surface, est petite (--1 kT) l'6nergie totale d'adsorption est grande parce que la fraction des seg- 
ments de train, p, est souvent entre 0,3 et 0,5. Les isothermes d'adsorption sont typiquement de la sorte 

haute affinit6 et il y a un manque apparent de d6sorption lors de la dilution. Les corps polym~res charg6s 
positivement (polycations) sont pour la plupart adsorb6s par interactions 61ectrostatiques entre les groupes 
cationiques du corps polym~re et les sites charg6s n6gativement h la surface de l'argile. Dans ce cas, ~ >> 
1 kT et p > 0,7, menant hun  effondrement presque complet de la chaine polymbre sur la surface. En effet, 
au delft d 'un niveau donn6 d'adsorption, un renversement de charge peut se produire en le fait que le 
syst~me argile-polycation se conduit effectivement comme un 6changeur d'anions. Pen d'adsorption se 
produit avec les corps polym~res charg6s n6gativement (polyanions) ~ cause d'une r6pulsion de charge 
initiale entre le corps polym~re et la surface argileuse. Un pH acide, une force ionique 61ev6e et la pr6sence 
de cations polyvalents dans le syst~me accroit et promeut l 'adsorption de polyanions. Des corps polym~res 
et des polycations peuvent entrer dans l 'espace interfeuillet des silicates en expansion h couches du type 
2:1, mais les polyanions ne s'intercalent g6n6ralement pas. 

Les interactions des argiles avec des corps biopolym~res tels que des prot6ines, des acides nucl6iques 
et des polysaccharides peuvent &re rationalis6es en des termes semblables. Lorsque l'intercalation se 
produit, le corps polym~re interfeuillet est stabilis6 d'avantage face h la d6gradation microbiale (enzy- 
matique), menant ~t des applications pratiques de complexes argile-polym~re en tant que flocculants et de 
conditionneurs de sols. Les polyanions sont de bons flocculants ~t cause de leur grande "distance 6treig- 
nante,"  tandis que les corps polymbres sans charge sont de meilleurs conditionneurs de sols parcequ'ils 
peuvent s'6tendre par dessus des particules argile/sol adjacentes comme une couche de peinture. [D.J.] 


