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Abstract-Copper adsorption on a hydroxy-aluminum-hectorite complex (OH-AI-hectorite) at pH 4.5, 
5.7,7.4, and 7.8 was examined by means of electron spin resonance. The spectra of these samples were 
compared to those of Cu2+-hectorite and various aluminum hydrous oxides. Copper on the OH-AI­
hectorite in aqueous gels occurred as mobile Cu(H20)i+ and chemisorbed to discrete sites ofthe OH-AI 
interlayer. As pH was increased, the ratio of chemisorbed to mobile Cu2+ increased. At pHs above 7 the 
solubility product of Cu(OH)2 was exceeded, but chemisorbed Cu2+ remained as the dominant species. 
These results contrast with the precipitation ofCu observed on microcrystalline gibbsite above pH 5 and 
indicate that the interlayer OH-AI retained more Cu2+ on discrete sites. The greater adsorption capacity 
probably resulted in part from a higher specific surface area. Electron spin resonance spectra of Cu2+ in 
air-dried films of the OH-AI-hectorite at pH 4.5 and 7.4 showed Cul+ in square planar symmetry, oriented 
with the z-axis perpendicular to the OH-AI-hectorite a-b plane. At the higher pH, the spectrum resembled 
that of Cu(OH)l- on alumina, suggesting a ligand exchange mechanism for CuB adsorption on the 
complex. 

Key Words-Adsorption, Aluminum, Copper, Electron spin resonance, Hectorite, Hydroxy-aluminum 
complex. 

INTRODUCTION 

Numerous studies attest to the tendency for heavy 
metals in soils to associate with oxides and hydrous 
oxides of iron and aluminum (e.g., Kinniburgh et al., 
1976). Hydrous oxides have been reported as coatings 
on clay minerals in soils and sediments, but few studies 
have examined the adsorption of metals to such coat­
ings. Harsh and Doner (1984) recently showed that 
Cu2+ adsorption to a hydroxy-aluminum-montmorif­
lonite complex was pH-dependent and that the Cu w,\s 
nonexchangeable. Furthermore,electron spin reso­
nance (ESR) of the adsorbed Cu2+ produced a rigid­
limit signal similar to that found for Cu2+ coprecipi­
tated with or adsorbed on noncrystalline alumina 
(McBride, I 982a). Because of spin interactions be­
tween adsorbed Cu2+ and structural Fe3+, resolution of 
the spectra was poor. 

The present paper reports the spin parameters de­
termined by ESR for Cu2+ adsorbed on and coprecip­
itated with an hydroxy-aluminum hectorite complex 
and avoids the problem of structural Fe3+. Unlike Cu2+ 

adsorbed on Na- or Mg-hectorite (McBride, 1982b), a 
rigid-limit ESR signal was observed for hydrated sam­
ples, indicating Cu2+ chemisorption to discrete sites. 
The chemical environment of the Cu2+ was found to 
depend on pH and the water content of the clay. The 
spin parameters were comparable to those of Cu2+ on 
other aluminum hydrous oxides and silicates. 

MATERIALS AND METHODS 

The <2-~m fraction ofhectorite from Hector, Cal­
ifornia (sample SHCa-I , obtained from the Source Clays 
Repository of The Clay Minerals Society) was sepa­
rated by gravity sedimentation. It was shaken over­
night with 1 N sodium acetate adjusted to pH 5.0 to 
remove CaC03. The clay was then washed (washing 
refers to shaking with the desired solution, centrifuging 
until clear, and decanting the supernatant solution) five 
times with I N NaCI04 and dialyzed for three days 
with several changes of deionized, distilled water 
(DDW). The electrical conductivity of the final dialy­
sate was 3.5 x 10-3 dS/m. 

The procedures used to prepare and characterize a 
OH-Al-montmorillonite were described in detail by 
Harsh and Doner (1984). Variations in the prepara­
tions of the OH-Al-hectorite are described here. A sus­
pension containing 8 meq of Al(Cl04)/g hectorite was 
titrated to a 2.25 OHI Al ratio with NaOH over 10.5 
hr. The initial pH was 2.9 and increased to 4.2 at the 
end of the titration. Aging for 67 days resulted in a 
quasiequilibrium condition in which pH, total AI, and 
monomeric Al in the bulk solution had remained con­
stant for more than 14 days. Washing the clay with 1 
N NaCI04 1eft 5.7 meq of nonexchangeable AI, equiv­
alent to 148 mg of Al(OH)3 precipitated. Details of the 
X-ray powder diffraction (XRD) analysis were also de­
scribed by Harsh and Doner (1984). 
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Table I. d(OOI) spacing ofOH-AI-hectorite. 

d-spacings 
Temper-

Saturating ature Hydration d(OOI) d(002) 
cation ("C) state (A) (A) 

K+ 25 air-dried 16.1 
K+ 110 P,0 ,-dried 13.8 4.9 
K+ 300 P2O,-dried 13.4 4.82 
Mg1+ 25 air-dried 16.3 
Mg2+ 65 ethylene glycol 15.6 4.82 

treated 

An OH-(Al,Cu)-bectorite was prepared in this man­
ner except that 0.035 meq of Cu2+ was added to the 8 
meq Al3+/g of clay, and no washing was performed. 
Copper was coprecipitated with Al3+ in a solution con­
taining 0.06 eq Al(CI04)3 and 0.002 eq Cu(CI04h by 
titrating rapidly with 0.062 eq of NaOH. The precip­
itate was dialyzed against several changes ofDDW for 
three weeks at ambient temperature (25 ± 3"C) and 
resulted in a two-phase gel containing blue and white 
components. The ESR spectrum of the whole precip­
itate was obtained. 

Samples for the ESR experiments were prepared by 
adding 0.100 g of OH-Al-hectorite in suspension to 
0.017 N NaCI04 and 5 x 10-4 M Cu(CI04h to make 
a total of - 30 g of suspension in 40-ml, screw-cap 
centrifuge tubes. The pH was adjusted over the first 24 
hrwith HCl or NaOH to give a range of values. Samples 
were shaken occasionally at room temperature for II 
days at which time a constant pH had been obtained. 
The total mass of suspension and initial [Cu2+] was 
calculated by summing the NaClO. and acid or base 
additions to determine the total mass of solution. Total 
Cu in centrifuged subsamples was determined by atom­
ic absorption spectrophotometry, and adsorbed Cu2+ 
was calculated by difference. Copper activity was es­
timated using the Davies equation for activity coeffi­
cients and conditional formation constants for CuOH+ 
and CulOH)z2+ (Baes and Mesmer, 1976). Unwashed, 
centrifuged gels were either placed in capillary tubes 
or prepared as air-dried, self-supporting films. ESR 
spectra were obtained on a Varian E-104 (X-band) 
spectrometer. 

RESULTS AND DISCUSSION 

XRD patterns of oriented samples confirmed that 
an OH-Al interlayerwas formed in the hectorite (Table 
I). Air-dried samples saturated with K+ or Mg2+ showed 
16.1- and 16.3-A spacings, respectively, with no evi­
dence of a separate gibbsite phase. The interlayer 
underwent partial collapse when heated, as evidenced 
by the reduction of the d(OO 1) spacing to less than 14 
A and the appearance of a 4.8-4.9-A gibbsite peak. 
Samples heated to 65°C in a desiccator containing 
ethylene glycol failed to expand and also produced a 

Table 2. eu2+ activity and adsorption in OH-AI-hectorite 
suspensions. I 

%Cu 
Sample pH Cu activity pCu + 2pOH adsorbed 

I 4.49 5.14 x 10-4 22.3 < 1% 
2 5.68 6.80 x 10-6 21.8 98.6% 
3 7.36 2.43 x 10-6 18.9 99.0% 
4 7.82 1.68 x 10-6 18.1 99.5% 

I The suspensions were 0.33% by weight and were equili-
brated for II days with 5 x 10-4 M Cu(CI04h at various pHs. 

4.82-A peak even at this low temperature. These results 
indicate that the OH-Al interlayer in this system was 
unstable with respect to a separate gibbsite solid phase 
when the sample was heated and water was removed. 

Previous studies suggest that most if not all of the 
Al should have been precipitated within the interlayer 
region of the hectorite. First, if the Al(OH)3 had pre­
cipitated as a single gibbsite sheet of 4.85-A thickness, 
as on montmorillonite (Slaughter and Milne, 1958), 
the nonextractable Al would have covered less than 
one-third of the hectorite surface, based on a 782-m2/ 
g surface area for hectorite (van Olphen and Fripiat, 
1979). Second, Turner and Brydon (1965) showed that 
precipitation of gibbsite outside of the interlayer did 
not occur over at least an 8-month period until > 8 
meq of AP+ /g smectite had precipitated or a > 2. 7 OH/ 
Al mole ratio was used in the titration. Finally, Barn­
hisel (1977) pointed out that a linear decrease in cation­
exchange capacity (CEC) with increasing amount of Al 
precipitated occurs when ::5 190 mg of AI(OH)3 is pre­
cipitated per gram of silicate clay. These results would 
not be expected if a substantial amount of Al had pre­
cipitated outside of the interlayer. 

Solution activities of Cu2+ at various pHs show that 
the solubility ofCu(OHh (pI<..., = 19.36; Baes and Mes­
mer, 1976) had been exceeded in samples 3 and 4, 
whereas samples 1 and 2 were undersaturated with 
respect to the hydroxide (Table 2). These results were 
qualitatively similar to those of McBride (1982b) for 
a Cu2+-saturated hectorite. This pH-dependent ad­
sorption was explained by McBride in terms of Cu2+ 

precipitation. The ESR results presented below, how­
ever, do not support that explanation for the Cu-OH­
AI-hectorite system. 

Figure 1 shows ESR spectra for wet gels in capillary 
tubes. Both isotropic (Go = 2.18-2.19) and rigid-limit 
spectra (g1.) were present signifying the presence of 
Cu(H20)62+ adsorbed on discrete sites on the complex. 
Because the rigid-limit signal was weak, it was not 
possible to determine the value of g1.. Either the weak 
signal or the possible existence ofa range ofCu species 
on the surface precluded resolution of the g. line shape 
and An hyperfine splitting, and, thus, did not allow 
calculation ofthe maximum rotational tumbling time 
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pH 4.5 

pH5.? 

100 gauss 
t------i 

H 

Figure 1. Electronic spin resonance spectra of unwashed OH­
Al-hectorite gels equilibrated for 25 days with 5 x 10-4 M 
Cu(CIO')2 (samples 1-4, Table 2). The high-field vertical line 
in this and following figures denotes the g = 2.0027 field po­
sition. 

required to give an anisotropic signal. Nevertheless, 
the position ofg.L ~ > g.L > 2.0023) is consistent with 
the presence of a chemisorbed Cu2+ species (McBride, 
1982a). The hydroxy-aluminum polymers must have 
provided the chemisorption sites inasmuch as similar 
rigid-limit spectra were observed for Cu2+ adsorbed on 
hydrous oxides of AP+ (McBride, 1982a). No such sig­
nal, however, was produced by Cu2+ in layer silicates 
containing several layers of water molecules (Clementz 
et aI., 1973). Consistent with the adsorption data, the 
& line decreased in intensity relative to the g.L line with 
increasing pH, indicating that Cu(H20)62+ was re-

Goin-e.3xtO 
pH 1.8 

100 gauss 
I-----l 

H 

Figure 2. Electronic spin resonance spectra offrozen (113°K) 
gels ofCu loaded OH-Al-hectorite (samples 1-4, Table 2). 

moved from solution and possibly from exchange sites 
through chemisorption on the hydrous oxide. Precip­
itation of CU(OH)2 was not a dominant reaction be­
cause the rigid-limit signal was maintained at high pH. 
Precipitation ofCu(OHh would have led to significant 
electron spin-electron spin dipolar line-broadening due 
to the proximity of Cu atoms in the hydroxide phase 
(Wertz and Bolton, 1972; McBride, 1982b). 

Due to the weak nature of the ESR signal at room 
temperature, spin parameters had to be obtained for 
both adsorbed and coprecipitated Cu2+ at 113°K (Fig­
ure 2). The spin parameters, g.L' gq, and Au, were nearly 
identical for Cu adsorbed on OH-Al-hectorite, Cu co-

Table 3. Electron spin resonance parameters for Cu2+ complexes and adsorbed species. 

Sample 8, g ... 
A,/he 
(em-I) a' Reference 

Cu in Al(OH),:geJ 2.35 2.07 -0.0138 0.80 This work 
OH-Al,Cu-hectorite; 2.37 2.08 -0.0136 0.82 This work 

gel (113°K) 
Cu on OH-Al-hectorite; 2.36 2.08 -0.0136 0.81 This work 

pH 4.5,5.7,7.4,7.8; gel 
(113°K) 

pH 4.5; air-dried film 2.34 2.07 -0.0165 0.87 This work 
pH 7.4; air-dried film 2.30 2.07 -0.0136 0.75 This work 
Cu on hectorite: 2.35 2.07 -0.0163 0.87 McBride (1982b) 

pH 4.8-8.6; air-
dried film 

Cu on microcrystalline 2.35 2.06 -0.0154 0.84 McBride et at. 
gibbsite; wet film (1984) 

Cu on noncrystalline 2.37 2.08 -0.0138 0.83 McBride (1982a) 
alumina: aged 60 
days; gel 

Cu(H20)62+ (77°K) 2.39 2.07 -0.0142 0.83 Poupko and Luz 
(1972) 

Cu(OH)/- (77°K) 2.16 2.05 -0.0186 0.83 Ottaviani and 
Martini (1980) 

Cu(OH)/- on alumina 2.34 2.05 -0.0132 0.77 Ottaviani and 
(77°K) Martini (1980) 

Electron spin resonance spectra obtained at 298°K unless otherwise noted. 
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gain =200 
II 

100 gauss 

H 
~ 

Figure 3. Electronic spin resonance spectra of oriented air­
dried films of samples 2 (pH 4.5) and 4 (pH 7.4). Samples 
were oriented perpendicular (..1.) and parallel (II) to the mag­
netic field. 

precipitated with Al(OHh, Cu coprecipitated with Al 
on hectorite [OH-(AI,Cu)-hectorite], and Cu on non­
crystalline alumina (Table 3). This similarity indicates 
that Cu2+ occupied similar sites regardless of whether 
Cu2+ was added before or after precipitation of 
AI.(OH)/x-y. Although the spin parameters in the fro­
zen samples did not appear to depend on pH, expan­
sion of the hyperfine splitting of the pH 4.5 sample 
showed a second, rigid-limit spectrum, evident as a 
shoulder on the low-field line shape (Figure 2). This 
shoulder was undoubtedly due to Cu(H20)62+ or 
Cu(H20)l+, because mobile Cu(H20)62+ was present 
in the unfrozen sample. This shoulder did not occur 
in the pH 5.7 sample where most of the Cu2+ had been 
chemisorbed. 

Permanent charge sites were relatively unavailable 
to Cu2+ at pH 4.5 because <0.2 mmole of Cu2+ was 
adsorbed per 100 g of complex. Competition for ex­
change sites by AP+ and its hydrolysis products pre­
sumably inhibited electrostatic attniction of Cu2+. Al­
though more permanent charge sites may have become 
available with increasing pH as Al was neutralized by 
OH-, the ESR spectra indicate that rigidly bound Cu2+ 
increased relative to mobile Cu2+ as pH increased. Harsh 
and Doner (1984) found that Cu2+ adsorption by Na­
OH-Al-niontmorillonite did not displace Na+ from ex­
change sites. These results indicate that the AI-OH sites 
constituted the preferred sites for Cu2+ adsorption. 

McBride et al.(1984) found that copper adsorbed 
on microcrystalline gibbsite tended to polymerize and 
precipitate, prQbably as CU(OH)2' at [Cu] = 5 x 10-4 

M and pH > 5 .. This reaction was not evident in the 
present system because polymerization of Cu(OHh 
would have led ' to significant line broadening in the 
ESR sPectrum as a result ofCu2+ electron spin-electron 

100 gauss 
0-----< 

H 

Figure 4. Electronic spin resonance spectrum of eu copre­
cipitated with OH-Al-hectorite on an air-dried film oriented 
perpendicular (..1.) and parallel (II) to the magnetic field. 

spin dipolar interaction. The absence of polymeriza­
tion on OH-Al-hectorite is attributed to the high ad­
sorption capacity of the interlayer AI(OH)3 relative to 
the microcrystalline gibbsite. In the OH-Al-hectorite 
system, 14 mmole Cu2+/g complex (120 mmole/g 
Al(OHh) was adsorbed at pH 5.7 compared to a max­
imum adsorption (before the onset of polymerization/ 
precipitation) of < 0.5 mmole Cu2+/l OO g microcrys­
talline gibbsite. 

On an OH-Al-montmorillonite, Harsh and Doner 
(1984) showed that Cu adsorption on the nonex­
changeable Alx(OH)/x-y also exceeded that on the mi­
crocrystalline gibbsite examined by McBride et al. 
(1984) by nearly two orders of magnitude. Unpub­
lished transmission electron micrographs obtained in 
the present authors' laboratory of freeze-fracture re­
plicas of the OH-Al-montmorillonite surface show that 
the interlayer material exists as islands, - 150 A in 
diameter. Precipitation on hectorite should have pro­
duced AI(OH)3 particles similar in size to those on the 
montmorillonite because of the similar charge prop­
erties of these two smectites. The edge-to-face surface 
area ratio should be much greater for the AI(OHh on 
hectorite than for the microcrystalline gibbsite, which 
has a particle diameter of -2000 A (McBride et al. , 
1984). The large edge-to-face ratio accounts, at least 
in part, for the high adsorption capacity of AI(OHh on 
hectorite, because the edge sites, i.e., -OH and -OH2 
groups bound to only one Al atom, are the most re­
active adsorption sites (Parfitt et a!. , 1977). The rela­
tionship between particle size and Cu2+ adsorption on 
gibbsite is demonstrated by the fact the rigid-limit sig­
nal for chemisorbed Cu2+ was not observed on coarse 
gibbsite with an edge-to-face site ratio much less than 
that of microcrystalline gibbsite (McBride, 1982a). 

Reactive surface sites should also have been more 
numerous if the crystallinity had been reduced and/or 
the negative surface charge had been increased relative 
to pure gibbsite. Coprecipitation of Si with Al orSi 
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adsorption on gibbsite have been shown to lower the 
point of zero charge of the hydrous oxide (Tschapek 
et ai., 1974; Perrott, 1977; Pyman et aI., 1979; Jepson 
et ai., 1976). Substitution of Li+ or Mg2+ into the hy­
drous oxide structure might also have increased its 
negative surface charge or reduced its crystallinity. 
McBride (1978) showed that Cu2+ retention by non­
crystalline alumina increased with increasing Mg2+ in 
the coprecipitate and attributed this phenomonon to a 
higher surface area of the Mg-richer material. Keller 
and Stevens (1983) recently reported the presence of 
Li+ in aluminous chlorites. Inasmuch as Mg2+, Li+, and 
Si are released from hectorite under acidic conditions 
(Barshad and Foscolos, 1970; Tiller, 1968), they were 
probably introduced into our system during prepara­
tion ofthe OH-AI-hectorite. Thus, their possible effect 
on the sorptive properties of the complex must be con­
sidered. 

Electron spin resonance spectra of air-dried films of 
the pH 4.5 samples showed that the Cu2+ complex was 
oriented with its z-axis perpendicular to the a-b plane 
of the OH-Al-hectorite (Figure 3). Copper coprecipi­
tated with OH-Al-hectorite (Figure 4) gave a weak 
spectrum due to low Cu2+ concentration in the precip­
itate, but had the same orientation, reaffirming that its 
site occupancy was similar in both materials. Although 
the complexity of the spectra ofthe pH 4.5, air-dried 
sample suggests that Cu2+ existed in more than one 
environment, elongated axial symmetry gil > g.l was 
clearly evident. Spin parameters for Cu2+ in the pH 4.5 
sample were nearly identical to those for Cu2+ -hectorite 
(Clementz et ai., 1973; McBride, 1982b) which is con­
sistent with a chemical environment in which Cu2+ is 
coordinated to H 20 or Al-OH in the xy plane and to 
silicate oxygens along the z-axis. 

In the pH 7.5 sample, the stereochemistry of the 
complex was the same as in the above samples as shown 
by its orientation behavior (Figure 4). A reduction in 
both the gil and All spin parameters, however, indicates 
that the chemical environment was changed. The spin 
parameters for Cu2+ in this system are very similar to 
those reported by Ottaviani and Martini (1980) for 
CU(OH)4 - adsorbed on alumina (Table 3). The molec­
ular orbital coefficient, (X2 , calculated with the Kivelson 
and Neimah (1961) theory from the g1. ' gl' and All 
parameters (Table 3), is also similar to that calculated 
by Ottaviani and Martini for CU(OH)4 - on alumina. 
The small value of (X2 for these two systems relative to 
the other Cu2+ complexes in Table 3 implies that the 
II plane bonding in the former complexes possesses 
more covalent character. (The (X2 coefficient ranges from 
0.5 for completely covalent bonds to 1.0 for completely 
ionic bonds.) Covalency could have been increased 
either by direct bonding to Al-OH groups or depro­
tonation of H20 coordinated to Cu2+. Because CU(OH)4-
in solution has the same (X2 coefficient as Cu(H20)62+, 

direct bonding of Cu to AI-OH groups by ligand ex-

change is a more probable mechanism. This behavior 
was not observed in microcrystalline gibbsite (McBride 
et ai., 1984) beCause Cu2+ polymerization occurred 
above pH 5. 

CONCLUSIONS 

Copper adsorption on OH-Al-hectorite differs from 
that on hectorite in two respects. First, it is highly pH 
dependent, and, second, it is chemisorbed to discrete 
sites. Thus, the principal adsorption sites of the clay 
complex must be on the Alx(OH)43x-

y polymers. The 
adsorption also differs from that on microcrystalline 
gibbsite in that much more Cu2+ exists at discrete sites 
as monomeric Cu2+. The OH-Al phase on hectorite has 
a far greater adsorption capacity, probably as a result 
of greater surface area and possibly due to differences 
in surface characteristics. Air-dried films of the clay 
complex gave ESR spectra that suggest a square planar 
Cu2+ complex oriented with its z-axis perpendicular to 
the hectorite sheets. At pH 4.5 most of the Cu2+ was 
present as Cu(H20)l+. At pH 7.4 the spectrum resem­
bles that of Cu(OH)l- on alumina, suggesting depro­
tonation of the Cu(HzO)l+ complex and/or complex­
ation with the hydroxide surface. 
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Pe3IOMe-~cop6J.UUI Me,lUl KOMnJIeKCOM rnilPoKCH-aJIIOMHHHH-reKTopHT (OH-Al-reKTopHT) npH pH PaB­
HbIM 4,5, 7,4, H 7,8 HCCJIe,ztOBaJIaCb npH nOMOIJ.UI eJIeKTpOHHOro cnHHOBoro pe30HaHCa. CneKTpbI 3THX 
06pa3D;OB CPaBHHBaJIHCb co CneKTpaMH Cu2+-reKTopHTa H Pa3JIH'IHbIX BO,ltHbIX oKHceH aJIIOMHHHH. Me,ltb 
Ha OH-Al-reKTopHTe B BO,ltHbIX reJIHX 3aJIeraJIa B BH,zte Cu(H20).2+ H xeMHcop6HpOBaJIaCb Ha ,ztHCKpeTHbIX 
MecTax CJIOH OH-Al. IIpH yseJIH'IeHHH pH, OTHOmeHHe xeMHcop6HPOBaHHbIX HOHOB K nO,ltBHlKHbIM HOHOM 
Cu2+ TaKlKe yseJIH'IHBaJIOCb. IIpH 3Ha'leHHHX pH BblIIIe 7, BeJIH'IHHa npoH3BeAeHHH paCTBOpHMO'CTH CU(OH)2 
npeBblIIIaJIaCb, HO xeMHcop6HPOBaHHbIH Cu2+ O'CTaBaJICH rJIaBHbIM BH,ltOM. 3TH pe3YJIbTaTbI COnOCTaBJIHJIHCb 
c OCalK,lteHHeM Cu, Ha6JIIO,ztaeMOMY Ha MHKPOKpHCTaJIJIH'leCKOM rH66cHTe npH pH BblIIIe 5, H YKa3bIBaJIH 
Ha TO, 'ITO CJIOH OH-Al y,zteplKHBaJI 60JIbIIIOe KOJIH'IecTBO Cu2+ Ha ,lUICKpeTHbIX MecTax. liOJIbIIIaH a}l;cop6-
D;HOHHaH cnoco6HoCTb 6bIJIa, BepOHTHO, '1aCTH'IHO pe3YJIbTaTOM 60JIbIIIOH y,zteJIbHOH nJIOmaAH nOBepXHOCTH. 
CneKTpbI 3JIeKTpoHHoro cnHHoBoro pe30HaHCa Cu2+ B OCYIIIeHHbIX Ha B03p;yxe cPHJIbMax OH-Al-reKTopHTa 
npH pH PaBHbIX 4,5 H 7,4 YKa3bIBaJIH Ha KBaIlPaTHyIO nJIOcKYIO CHMMeTpHIO Cu2+ C oceH z no HanpaBJIeHHIO 
HOPMaJIbHOMY K nJIOCKOCTH a-b OH-Al-reKTopHTa. IIpH BbICIIIHX pH, cneKTp 6bIJI noxolKHH Ha Cu(OH)l­
Ha rJIHH03eMe, YKa3bIBaH Ha JIHraH)tOBbIH MeXaHH3M 06MeHa,ltJIH aACOp6D;HH Cu2+ KOMnJIeKCOM. [E.G.} 

Resiimee- Die Kupferadsorption an einen Hydroxy-AI-Hektoritkomplex (OH-Al-Hektorit) wurde bei pH 
4,5,5,7,7,4, und 7,8 mittels Elektronenspinresonanz untersucht. Die Spektren dieser Proben wurden mit 
denen von Cu2+-Hektorit und verschiedenen wasserhaltigen AI-Oxiden verglichen. Das Kupfer trat an 
dem OH-AI-Hektorit in wiissrigen Gelen als mobiles Cu(H20).2+ aufund chemisorbierte an bestimmten 
Pliitzen der OH-Al-Zwischenschicht. Wenn der pH zunahm, dann nahm das Verhiiltnis des chemisor­
bierten zum mobilen Cu2+ zu. Bei pH-Werten tiber 7 wurde das u>slichkeitsprodukt von CU(OH)2 
tiberschritten, doch das chemisorbierte Cu2+ fiberwog weiterhin. Diese Ergebnisse stehen im Gegensatz 
mit der AusfiUlung von Cu, die an mikrokristallinem Gibbsit fiber pH 5 beobachtet wurde, und deuten 
daraufhin, daB die OH-AI-Zwischenschicht mehr Cu2+ an bestimmten Stellen zuruckhielt. Die groJ3ere 
Adsorptionskapazitiit resultierte wahrscheinlich zum Teil aus einer groBeren spezifischen Oberfliiche. 
Elektronenspinresonanzspektren von Cu2+ in Luft-getrockneten Schichten von OH-AI-Hektorit bei pH 
4,5 und 7,5 zeigten, daB Cu2+ in einer quadratischen planaren Symmetrie auftritt und mit der z-Achse 
senkrecht zu der a-b-Ebene des OH -Al-Hektorit orientiert ist. Bei hoheren pH -Werten iihnelt das Spektrum 
dem von CU(OH).2- an Aluminiumoxid, was auf einen Ligandenaustauschmechanismus rur die Cu2+­
Adsorption an den Komplex hindeutet. [U.W.} 
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Resume-On a examine au moyen de la resonnance it spin d'electrons l'adsorption de cuivre sur un 
complexe hectorite-hydroxy-aluminium (OH-Al-hectorite) aux pH 4,5, 5,7, 7,4, et 7,8. Les spectres de 
ces echantillons ont ete compares it ceux de l'hectorite Cu'+ et d'oxides aluminium hydres varies. Le 
cuivre sur l'hectorite OH-Al dans des gels aqueux se trouve sous forme de Cu(H20)62+ mobile et a 
cMmisorbe it des sites discrets de l'intercouche OH-Al. Au fur et it mesure de l'augmentation du pH, la 
proportion de Cu'+ cMmisorbe a augmente par rapport au Cu2+ mobile. Aux pH au dessus de 7, Ie produit 
de solubilite de Cu(OH), a ete excede, mais Cu2+ cMmisorbe est reste l'espece dominante. Ces resultats 
contrastent avec la precipitation de Cu observe sur la gibbsite microcristalline au dessus du pH 5, et 
indiquent que l'intercouche OH-AI a retenu plus de Cu'+ sur des sites discrets. La capacite d'adsorption 
plus grande etait en partie Ie resultat d'une aire de surface specifique plus elevee. Les spectres de spin it 
resonnance d'electrons de Cu2+ dans des films d'hectorite OH-AI secMs it l'air aux pH 4,5 et 7,4 a montre 
Cu2+ en symmetrie plane carree, oriente avec I'axe-z perpendiculaire au plan a-b de l'hectorite OH-Al. 
Au pH plus eleve, Ie spectre ressemblait it celui de Cu(OH)l- sur I'alumine, suggerant un mecanisme 
d'echange de ligand pour l'adsorption de Cu2+ sur Ie complexe. [D.J.] 
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