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Abstract-The electron spin resonance (ESR) technique has been used to study the motion and segregation 
of an organic spin probe cation (4-amino-2,2,6,6-tetramethylpiperidine N-oxide) on K+ -hectorite as afunc
tion of average surface concentration. The organic cation tends to concentrate in certain interlayers of 
aqueous hectorite suspensions even when it occupies a small fraction of the cation-exchange sites. This 
demixing effect is not evident in methanol-solvated hectorite. The average mobility of the probe increases 
at higher adsorption levels as a result of the shift of the eqUilibrium in favor of the solution state. Calculated 
time-averaged orientations of the probe on the clay surfaces are quite different for methanol- and water
solvated systems, emphasizing the importance of the solvent in modifying the surface-cation interaction. 

Key Words-Adsorption, Cation Spin Probe, ESR, Hectorite, Organic Cation, TEMPAMINP 

INTRODUCTION 

Interactions between various organic cations and 
clay minerals have been investigated, but most ofthese 
studies utilized adsorption isotherms, X-ray powder 
diffraction, and infrared spectroscopy to elucidate mo
lecular orientations and mechanisms of retention of the 
organic at the surface (Theng, 1974). Infrared and X-ray 
techniques have generally required that the clays have 
high organic cation contents and could not be used to 
study clay-water systems at equilibrium. However, re
cent investigations have shown that electron spin res
onance (ESR) spectroscopy of clays containing small 
quantities of adsorbed organic radical cations provides 
insight into clay-organic interactions in water and var
ious other solvents (McBride, 1976, 1977a, 1977b). The 
ad vantages of this approach are (1) a very small fraction 
of the total exchange sites can be occupied by the or
ganic cation, resulting in little effect of the adsorption 
upon the hydration and expanding properties of the 
clay, (2) adsorption can be studied over a wide range 
of organic cation concentrations because of the sensi
tivity of the ESR technique, and (3) studies can be made 
of aqueous suspensions as well as dry powders and 
films. The radical cation (spin probe) reports its ori
entation and rate of tumbling at the clay surface through 
its ESR spectrum. Unfortunately, relatively few mol
eCUles exist as stable radicals, so that the choice of 
molecular species for studies of this type is limited. 

The present investigation is designed to observe the 
effect of molecular cation concentration on the clay 
surface upon mobility and orientation, since previous 
results (McBride, 1977b) have shown that the ESR 
spectrum of the adsorbed cation is dependent upon the 
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level of adsorption. The K + ion was chosen as the com
plementary cation in order to permit free swelling of 
clay platelets at low probe-adsorption levels, thereby 
maximizing the possibility of homogeneous clay-water
probe system. Previous work has shown that the type 
of exchange cation has relatively little influence on the 
surface mobility of the probe (McBride, 1977b). 

MATERIALS AND METHODS 

Natural hectorite from Hector, California. obtained 
from the Baroid Division of NL Industries was used in 
all studies because of its low structural iron content. 
API project 49 lists the structural formula of this ma
terial as M+64 (MgS.42 Li.6S Al.02) (Sis0 2o ) (F, OH)4 and 
its cation-exchange capacity (CEC) as 77 meq/lOO g. 
The hectorite, however, is known to contain carbonate 
impurities. Samples of K+-saturated hectorite (0.25 g) 
were placed in centrifuge tubes, and quantities of 
an acidified 0.0125 M solution (pH = 3.0) of proto
nated 4-amino-2,2,6,6-tetramethylpiperidine N-oxide 
(TEMPAMINE +) were added to the samples at levels 
roughly equivalent to 1, 2, 5, 10, 20, 40. and 100% of 
the CEC. The total volume was then made up to 20 ml 
with distilled water, and the clay-water suspensions 
were mixed and equilibrated for 2 hours. After centri
fuging and removal of the supernatants, portions ofthe 
hectorite pastes were placed in capillary tubes, and 
ESR spectra were obtained on a Varian E-I04 (x-band) 
spectrometer at room temperature. The remainder of 
the clay samples was washed free of excess salt with 
two distilled water rinses, and oriented films were pre
pared by drying the suspensions on polyethylene 
sheets. The films were then oriented in the magnetic 
field. H. of the ESR spectrometer, and spectra were 
obtained in the wet and dry state with the films aligned 
parallel ( II ) and perpendicular (.1) to H. The wet films 
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Figure I. ESR spectra of TEMPAMINP-doped K+-hec
torite gels (nonoriented). The loading levels of TEMP
AMINP roughly correspond to 1, 5, 20, and 100% of the 
CEC. The high field components of the solution spectrum are 
indicated by arrows, while the two positions of the high field 
resonance of adsorbed probe are marked with vertical lines. 
A short vertical line in this and following figures denotes the 
approximate g = 2.002 position. 

were prepared by placing dry films on a flat quartz hold
er and adding a small excess of distilled water. The 
d(001) spacings ofthe oriented hectorite films in the wet 
and dry state were determined on a Norelco X-ray dif
fractometer. 

The clay samples, washed free of excess probe, were 
analyzed for exchangeable TEMPAMINE+ content by 
displacing the probe from known quantities of clay with 
tetramethylammonium ions. Quantitative ESR analysis 
ofthose solutions (using TEMPAMINE+ standards) in
dicated 0.8, 2.2, 6.8, 14.0, 28.3, and 35.7% loading of 
the 1,2,5, 10,20, and 40% systems, respectively. Ev
idently, water washing must have removed very little 
of the probe added initially. 

RESULTS AND DISCUSSION 

Since the equilibrated clay suspensions were initially 
not washed free of excess ions, the ESR spectrum of 
TEMP AMINE + in the solution phase of the suspension 
was superimposed on the spectrum of adsorbed ions 
(see selected spectra, Figure 1). The relative quantity 
of TEMPAMINE+ in solution clearly increases with 
increasing additions of the probe to the suspension, 
despite the fact that the first three suspensions repre
sented in Figure 1 had only enough probe added to oc
cupy 1,5, and 20% of the exchange sites. Competition 
by protons contained in the solution ofTEMPAMINE+ 

Table I. Basal d(ool) spacings of TEMPAMINP-ex
changed hectorites. 

Equivalent fraction of 
d(OOI) spacing (A) 

TEMPAMINP added air-dryl wet 

0.01 11.8 >30 
0.02 11.8 >30 
0.05 11.9 14.5 
0.10 12.4 14.5 
0.20 13.4 14.5 
0.40 14.0 14.6 
1.00 14.0 14.7 

1 Diffraction peaks were broad, indicating interstratification, 
and had shoulders toward lower spacings. 

(pH = 3) and K + ions desorbed by exchange must ac
count for the increasing prevalence of the solution 
probe, until the 100% level produces little evidence of 
adsorbed TEMPAMINE+ (Figure 1). The presence of 
two discrete spectra in a homogeneous suspension at 
equilibrium indicates that the probe ion movement from 
the adsorbed state to solution is slow on the ESR time 
scale, with exchange requiring more than 10-8 sec. 

The nature ofthe spectrum of the adsorbed probe has 
been discussed previously (McBride, 1976, 1977a, 
1977b) and will not be described in detail here. How
ever, an additional broad resonance centered on the 
MJ = 0 (middle) resonance of the TEMPAMINE+ 
spectrum is evident at the 10% loading level, increasing 
in relative intensity to the 40% level, and finally de
creasing again at the 100% level. This spectrum has 
been noted before on clay films at the 10% doping level 
(McBride, 1977c), and is attributed to spin exchange of 
adsorbed probes. The linewidth of the spectrum is 
about 9 gauss (G) compared to approximately 6.5 G for 
a 0.1 M solution of nitroxide probe radicals (Wertz and 
Bolton, 1972). A 0.1 M solution corresponds to an av
erage probe-probe distance of 25 A; however, spin ex
change may be much less efficient on a clay surface 
where ionic mobility is restricted by electrostatic in
teraction and restraints of interlamellar volume. Spec
tra of adsorbed TEMP AMINE + attributable to low and 
high (spin-exchanged) concentrations can be observed 
in the same clay suspension, indicating nonhomoge
neous distribution of probes (i.e., demixing of ions) 
even at low loading levels (e.g., 10-20%). Organic cat
ion segregation from metal ions has been suggested by 
other studies using X-ray powder diffraction and sur
face area measurements (McBride and Mortland, 1975; 
Berkheiser and Mortland, 1977). There has been some 
question as to whether demixing occurs upon drying the 
clays or spontaneously in suspension. These results in
dicate that the latter can occur, and the d(OOI) spacings 
of the wetted clay films (Table 1) support this hypoth
esis, since a 14.5-A peak begins to appear near the 5% 
level of adsorbed TEMPAMINE+, becoming more ev
ident with further additions of the probe. Since smec-
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tites saturated with TEMPAMINE+ cannot expand in 
water (McBride, 1976), the 14.5-A spacing is evidence 
that the probes concentrate in certain interlayers until 
collapse of clay platelets occurs. The coJlapse appears 
well below the levels that would be expected if ad
sorbed K+ and TEMPAMINE+ were randomly distrib
uted on the exchange sites. Interlamellar collapse is 
likely caused by the inability of probe ions to hydrate 
strongly, permitting platelets to approach one another. 
Hydrated metal ions would then be displaced to "ex
ternal" surfaces in the partially dispersed clay. 

After washing the equilibrated suspensions free of 
most of the excess sait, an expected large reduction in 
the intensity of the ESR spectrum of the solution probe 
relative to adsorbed probe occurs (Figure 2). The ori
entation dependence of the spectrum of adsorbed 
TEMPAMINP is clearly shown by the different hy
perfine splittings (A) for the .1 and II orientations of 
the clay films (Table 2). The difference between A.1 and 
A II ' where these values are measured as half the field 
distance in gauss between the low field and high field 
peaks of the spectrum for the .1 and II orientations of 
the clay films, respectively, can be defined as ~A. At 
low loading levels of the probe on the clay, M =: 5 G, 
and the order parameter, S (Seelig, 1976) can be given 
as : 

S = (A~ - All) = ~A (1) 
(An - Ax.) (Azz - Ax.) 

where Azz and Axx are the rigid-limit hyperfine splitting 
parameters of the probe molecule for alignment of the 
magnetic field along the z and x axes of the molecule. 
These values have been estimated to be Azz = 31.4 G 
and Axx = 9.7 G from the rigid-limit ESR spectra of air
dried TEMPAMINE+-treated hectorite films. Thus, at 
low levels , Eq . (I) is used to calculate an order param
eter of 0.23. By defining an external fixed axis system 
(x' , y', z') in addition to the molecular axes (x, y, z), 
one can then define the angle (} between the z and z' 
axes : 

cos (} = z·1: 

In this experiment , the z ' axis has been chosen normal 
to the plane of the silicate sheets of the clay, and the z 
axis by convention is along the direction of the nitrogen 
2p 7T-orbital on the N-O portion of the probe molecule. 
The angle (} flUctuates rapidly with time, but assuming 
rotational symmetry of molecular motion about z' (as 
must be expected because of the random orientation of 
platelets in the x'y' plane of the clay film), the time
averaged system is axially symmetric. The following 
equations can then be derived for orientations of the 
magnetic field .1 and II to the z' -axis (Seelig, 1976): 

A~ = ~(l - (cos2(})(Az. - Ax.) + Ax. (2) 

All = (cos2(})(Azz - Axx) + Axx (3) 

1. 

II 

1 

II 

Figure 2. ESR spectra of water-washed TEMPAMINP
doped K+-hectorite films wetted in water and oriented .1 and 
II to H. The loading levels correspond to I, 5, and 40% of the 

CEC. The positions of the high and low field resonances of the 
solution phase probe are indicated by arrows. Overlap of so
lution and adsorbed probe spectra at the 40% level required 
estimation of the outer line shapes of the spectrum of adsorbed 
TEMPAMINP (broken lines). 

where <cos 2(}> is the time-averaged value of cos2(}. It 
should be noted that when the magnetic field is oriented 
parallel to the plane of the clay film, it is directed per
pendicular to the z'-axis. As a result, All = A~ and 
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Figure 3. Probable average alignment ofTEMPAMINE+ on 
the surface oxygen atoms of wetted hectorite. The frame
work structure of the molecule is shown with hydrogen atoms 
omitted. 

A ... = All' Using the values of A ... = 15.2 G and All = 
20.2 G (Table 2) in Eq. (2) and (3), apparent average 8 
values of 45.40 and 45.9°, respectively, are obtained. 

The results of the above analysis produce some in
teresting observations regarding interaction of TEMP
AMINE+ with hectorite fully wetted in H20. Since S '# 
0, motion of the adsorbed probe is not totally random. 
Random tumbling would produce an apparent orien
tation angle of 54.70 (Seelig, 1976). The structures ofthe 
probe molecules (2,2,6,6-tetramethylpiperidine N-ox
ide) are well enough known (Lajzerowicz-Bonneteau, 
1976) that a surface alignment can be hypothesized to 
account for the 45-46° orientation angle (Figure 3). The 
alignment would permit the charged amine group to 
contact or "key" into the surface oxygens, and maxi
mize van der Waals interactions between methyl 
groups and the surface. In this configuration, the mol
ecule might be expected to rotate rather rapidly about 
the z' -axis (possibly with the amine group at a fixed 
position in the ESR time scale) but more slowly about 

5% 

~ 

II 40% 

Figure 4. ESR spectra of air-dry K+-hectorite films contain
ing TEMP AMINE+ (loading levels of 1, 5, and 40% of CEC), 
and oriented J. and II to H. 

any axis perpendicular to z'. The latter' 'flopping" mo
tion would require a significant activation energy to 
overcome the van der Waals or electrostatic attrac
tions. Anisotropic motion as described here would pro
duce different values of the apparent rotational corre
lation time, Te, for the J. and II orientations of the 
clay, and this is verified in Table 1. However, the equa
tions used to estimate Teare based on isotropic tumbling 
motion and become invalid for very anisotropic motion. 

As increasing quantities of TEMPAMINE+ are ad
sorbed by the hectorite, the evidence suggests that 
orientation of the adsorbed probe becomes less pro
nounced (i.e., tlA becomes smaller), especially with 
20% or higher loading levels of the probe (Table 2). 
Unfortunately, these levels also produce more intense 

Table 2. Spectral parameters for ESR signals of TEMPAMINE+ adsorbed on hectorite in the wet and dry state. 

Wetted hectorit. (H,O) Air·dried hectorite 
Equivalent fraction of 

A.(G) A,,(G) Y>(A. + A,,) 'Tc(x 109 sec) A.(G) A,,(G) Y>(A. + 2A,,) TEMPAMINE+ added 

0.01 20.5 15.2 17.0 1.88(.1), 1.15( II ) 31.4 9.7 16.9 
0.02 20.2 15.3 16.9 1.65(.1), 1.06( II ) 31.6 9.8 17.1 
0.05 20.4 15.2 16.9 n.d.' 32.3 9.8 17.3 
0.10 20.2 15.2 16.9 n.d. 32.3 n.d. n.d. 
0.20 18.9 15.8 16.8 n.d. n.d. n.d. n.d. 
0.40 18.6 16.1 16.9 n.d. n.d. n.d. n.d. 

, n.d. = could not be determined because of overlapping spectra. 
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Figure 5. Relationship between quantity ofTEMPAMIN£+ 
adsorbed on wet and dry hectorite and Iinewidth of the dom
inant midfield resonance . At high levels , this resonance results 
from spin exchange between TEMPAMINE + ions . 

broad spectra due to spin exchange which partially ob
scure the spectra of interest (see Figure 2, 4Wo level) 
and prevent calculation of apparent T c values. An ex
planation has been suggested for the apparent compo
sition-dependent mobility (McBride, 1977c), based 
upon the concept that only a fraction of the adsorbed 
TEMPAMINE+ ions have direct contact with the sur
face (as in Figure 3) at a given instant in time. The re
mainder is separated from the surface by at least one 
layer of solvent molecules. Exchange between the po
sitions is rapid on the ESR time scale, producing an 
averaged spectrum. However, at high loading levels, 
equilibrium would favor the less localized probes be
cause ofthe lower entropy (increased order) associated 
with surface-localized ions. 

Upon drying the clay films, surface alignment be
comes much more pronounced, as shown by the strong
ly orientation-dependent spectra of Figure 4. The col
lapse of basal spacing associated with air-drying (Table 
I) forces the probe ion to align in a more "fiat" position 
in interlayers so that the N-O bond axis is nearly par
allel with the plane of the clay platelets. There is also 
evidence of spectral broadening at much lower levels 
of adsorbed probe than in the case of fully wetted clays 
(Figure 5). Even at the 2% adsorption level, significant 
line broadening occurs, probably resulting from dipolar 
interactions between probes. The drying process re
duces the average probe-probe intermolecular distance 
by bringing dispersed clay platelets together, and pos
sibly by enhancing demixing of ions as well. At levels 
of adsorbed TEMPAMINE+ above 5-1Wo, a broad iso-

tropic resonance appears in the dry films (see Figure 5, 
4Wo level), becoming more narrow at levels greater 
than 2Wo (Figure 5). The line-narrowing can be attrib
uted to the phenomenon of exchange-narrowing, where 
electron spins on adjacent molecules exchange so fast 
that the time average of the hyperfine field splitting ap
proaches zero (Wertz and Bolton, 1972). The effect can 
only be observed when the radical molecules are very 
close together, such as in pure solid free radicals. 

Since the average hyperfine splitting constant given 
by a = 16(A4 + 2AII ) is sensitive to changes in po
larity of the probe's environment (SeeHg, 1976), be
coming larger for more polar environments, a different 
" a" value might be expected for the adsorbed TEMP
AMINE+ compared to the 16.9-G value found for 
TEMPAMINE+ in aqueous solution. However, "a" is 
not significantly changed by adsorption of TEMP
AMINE+ on hydrated clay surfaces (Table 2), probably 
because water molecules still surround the N-O por
tion of the adsorbed probe . 

Previous studies of TEMPAMINE+ adsorbed on 
smectites solvated in ethanol and methanol have shown 
spectra attributable to highly oriented as well as nearly 
randomly tumbling species (McBride, 1976, I 977a, 
1977b). The present study reveals that the former 
species predominates at very low adsorption levels, 
while the latter solutionlike species becomes more 
prevalent at higher levels (Figure 6). Using Eq. (I) and 
the data for the hyperfine splitting of the oriented probe 
(Table 3), an S value of -0.37 is obtained, indicating 
greater order and in the opposite sense to that for the 
aqueous system. In addition , the apparent average (J 

value is 73.8 and 72.30 using Eq. (2) and (3), respec
tively. Since the basal spacing of the hectorite in meth
anol is 17.0 A (McBride, 1977b), the orientation of the 
probe suggests an interaction across platelets as a result 
of van der Waals attraction to surfaces (Figure 7). It is 
likely that the more strongly oriented, less mobile probe 
is reporting more aqueous environments that are seg
regated from the bulk of interlayers solvated by meth
anol , while the more rapidly tumbling probe exists in 
methanol solvated interlayers. There is considerable 
evidence for this hypothesis of solvent demixing on the 
clay surface. First, the value of 16(A4 + 2AII ) is near 
17.0 G for the strongly oriented probe , but only 16.1-
16.3 G for the mobile species (Table 3). A more polar 
microenvironment is indicated by the higher value, 
while the lower value is similar to that observed for 
TEMPAMINE + dissolved in methanol (McBride, 
1977a). However, it is possible that the surface oxygens 
of hectorite are polar enough that direct probe-surface 
contact produces a splitting of 17.0 G. This is suggested 
by the values of 16(A. + 2A I ) on air-dried hectorite 
(Table 2). Additional evidence comes from previous 
studies which have shown that not all of the adsorbed 
water in air-dry hectorite is removed by an initial wash 
with alcohol (McBride, 1977). Repeated washing with 
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Figure 6. ESR spectra of methanol-solvated, K+-hectorite 
films containing TEMPAMINE+ (loading levels of 1, 5, and 
40% ofCEC), and oriented 1. and II to H. The vertical broken 
Jines indicate the positions of the outer resonances of the mo
bile fraction of the probe, while the arrows locate the outer 
resonances of the strongly oriented probe. 

ethanol, for example, lowers the value of Y:l(A .. + 
2A 11 ) for the mobile probe while reducing the intensity 
of the ESR signal representing the less mobile probe. 
Also, only a small quantity of probes (relative to the 
CEC) appears to occupy sites which produce strong 
alignment, since the signal of very mobile probes dom-

Figure 7. Probable averaEte alignment of strongly oriented 
TEMPAMINE+ in the -7-A interlayers of methanol-solvated 
hectorite. 

inates the ESR spectrum at loading levels of 5% or 
higher (Figure 6). Hydrated interlayers would show a 
greater affinity for the probe than methanol-solvated 
surfaces because of the rather hydrophobic nature of 
smectites. Thus, small amounts of TEMPAMINE+ 
would tend to concentrate in interlayers containing sig
nificant amounts of water. The proposed orientation for 
these probes (Figure 7) may arise from the partial ex
pansion of air-dry hectorite in methanol, thereby per
mitting the long axis of the probe to reach across the 
interlayer and contact opposing surfaces. 

Most of the probe cations in the methanol-solvated 
hectorite are weakly attracted to the surfaces as shown 
by the predominance of the spectrum of weakly ori
ented TEMPAMINE+ at high loading levels. Although 
measurement of mobility by calculating rotational cor
relation times for this spectrum is difficult because of 
the overlapping spectrum of the less mobile species, 
some concept of the relative solutionlike nature of the 
mobile probe can be obtained by measuring the ratio 
(h+1/h_ 1), where h+l and h_l are the low field and high 
field peak heights, respectively. Since h+,1h_l is very 
nearly 1.0 for TEMPAMINE+ in methanol solution, 
values larger than 1.0 represent a loss in mobility as a 
result of adsorption. The relationship between h+,1h_l 
and quantity of adsorbed probe (Figure 8) demonstrates 
that the "mobile" probe is more greatly restricted at 
low adsorption levels. This restriction is more apparent 
for the .L orientation of the clay films, reflecting less 
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Figure 8. Effect of surface concentration ofTEMPAMINE+ 
upon the observed ESR spectrum of the methanol-solvated 
hectorite system, where (h+,/h_ ,) is the ratio of low-field to 
high-field peak heights. Hectorite films were oriented .1 and 
II to the magnetic field. 

isotropic motion. At the 40% adsorption level , the spec
trum indicates that most of the probe is in the solution 
phase , a reflection of the fact that the less polar solvent 
reduces the ability of the clay to remove TEMP
AMINE+ from solution. 

The dependence of average mobility upon surface 
loading level can be explained by entropy consider
ations , since the probability of desorption of a probe 
ion is proportional to the fraction of surface sites oc
cupied by the ion. The lack of ion demixing even at high 
loading levels, as shown by the lack of a broad single 
resonance due to spin exchange , contrasts with the 
aqueous clay system. The segregation in aqueous sys
tems is probably driven by the formation of hydropho
bic interlayers in which probe-probe and probe-sur
face interactions are maximized. However, in methanol , 

the probe-solvent attraction may be at least as strong 
as these interactions. Thus, the probe has a tendency 
to maintain a solvation shell, preventing de mixing and 
interJayer collapse in the clay phase, and promoting an 
equilibrium in which the probe cation is shifted toward 
the solution phase. 

CONCLUSIONS 

The main effects of adsorption level upon the ESR 
spectrum of the spin probe, TEMPAMINE+, result 
from ion demixing and eqUilibrium which favor the so
lution state of the probe at high adsorption levels. De
mixing occurs even at low surface concentrations in 
hydrated clays, and appears to result from the strong 
attraction of the hydrated clay for the probe combined 
with weak probe-solvent interaction . In contrast, de
mixing is not evident in methanol-solvated clays be
cause ofthe stronger probe-solvent interaction and the 
inability of the probe to compete with methanol mole
cules for surface adsorption sites. The orientation of 
TEMPAMINE+ at clay surfaces is much more pro
nounced for hydrated than for methanol-solvated sys
tems , but a small quantity of probe is highly oriented 
in the latter, possibly in interlayers from which water 
has not been effectively removed. 

Segregation of organic cations from metal ions in in
terlamellar regions of clay suspensions appears to be 
a general phenomenon that is likely to prevent a simple 
description of adsorption by ion exchange , and that 
may explain hysteresis effects often observed in these 
systems. The demixing process appears to be essen
tially unaffected by the type of metallic cation, being 
as evident in MgH and Na+ exchange forms ofhectorite 
as it is in K + -hectorite. 
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Pe3IOMe-MeToI\HKa 3JIeKTpoHHoro cnHHHoro pe30HaHca (3CP) HCnOJIb30BaJIaCb I\JUI H3Y'IeHHJ'I ABH)KeHHJ'I 
H OTAeJIeHHl'I OpraHH'IeCKOrO CnHHHOrO PaAHKaJIbHOrO KaTHOHa (4-aMHHo-2,2,6,6-TeTpaMeTHJInaHnepHAHH 
N-oKHcb) B reKTopHTe KaK <l>YHK~H cpeAHeH nOBep3HocTHOH KOH~eHTpa~nH. OpraHH'IeCKHH KaTHOH 
cTpeMHTCJ'l KOH~eHTpHpOBaTbCJ'I B onpeAeJIeHHblX Me)KCJIOJ'lX BOI\HOH cycneH3HH reKTopHTa Aa)Ke KorAa 
OH 3aHHMaeT He60JIbllIYlO 'IaCTb KaTHOHHblX 06MeHHbix Y'IaCTKoB. 3TOT 3<i1<i1eKT pa3JIO)KeHHJ'I He 
O'IeBHAeH B reKTopHTe, COJIbBaTHpOBaHHOM B MeTaHOJIe. CpeAHJ'IJ'I M06HJIbHOCTb p~KaJIa B03paCTaeT 
Ha 60JIee BblCOKHX ypOBHl'IX aACOp6~HH KaK pe3YJIbTaT CABHra paBHOBeCHJ'I B CTOPOHY paCTBopeHHoro 
COCTOJ'lHHJ'I. Bbl'IHcJIeHHble ocpeAHeHHble BO BpeMeHH opHeHTa~HH PaAHKaJIa Ha nOBepXHOCTJ'lX fJIHHbl 
3Ha'IHTeJIbHO OTJIH'IaIOTCJ'l AJIJ'I MeTaHOJI- H BOAHO-COJIbBaTHpoBaHHblx CHcTeM, 'ITO YKa3blBaeT Ha 
B~HylO pOJIb COJIbBeHTa B H3MeHeHHHH B3aHMOAeHCTBHJ'I nOBepXHocTb-KaTHOH. 

Resiimee-Elektronenspinresonanz ist benutzt worden, urn die Beweglichkeit und Ausscheidung eines 
organischen Spinsondenkations (4-Amino-2,2,6,6-tetramethylpiperidin N-oxid) auf Hektorit als Funk
tion der durchschnittlichen Obertlachenkonzentration zu untersuchen. Das organische Kation zeigt 
eine Tendenz, sich in bestimmten Zwischenschichten von wassrigen Hektoritsuspensionen zu konzen
trieren, auch wenn es einen kleinen Anteil der Kationenaustauschplatze einnimmt. Dieser Ent
mischungseffekt ist nicht sichtbar in Hektoriten, die durch Methanol solvatisiert sind. Die durch
schnittliche Mobilitat der Sonde nimmt zu mit hoherer Adsorption, als Foige einer Verschiebung des 
Gleichgewichts zu Gunsten des Losungszustandes. Durchschnittliche, iiber verschiedene Zeiten errech
nete Orientierungen der Probe auf der Tonobertlache sind sehr unterschiedlich fiir Methanol-Wasser 
solvatisierte Systeme, was auf den EintluB hindeutet, den das Losungsmittel auf die Obertlachen
Kationen Einwirkung ausiibt. 

Resume-La technique de spin d'electrons a ete utili see pour etudier Ie mouvement et la segregation d'un 
cation organique de probe de spin (Oxide-N 4-amino-2,2,6,6-tetramethylpiperidine) sur de l'hectorite en 
fonction de la concentration moyenne de surface. Le cation organique tend a se concentrer dans certaines 
couches interfeuillets de suspensions aqueuses d'hectorite meme lorsqu'il n'occupe qu'une fraction 
mini me des sites d'echange de cations. eet effet de "demelange" n'est pas evident dans Ie cas de 
l'hectorite dissolue au methanol. Un deplacement de l'equilibre en faveur d I'etat de solution resl,llte en un 
accroissement de la mobilite moyenne de la probe a des niveaux d'adsorption plus eleves. Des orienta
tions de probe sur des surfaces argileuses, calculees avec moyenne de temps, sont tres differentes pour les 
systemes dissolus au methanol et a l'eau, soulignant l'importance du solvant dans la modification de 
I'interaction surface-cation. 
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