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MONTMORILLONITE AND HYDROLYSIS TO
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Abstract— The reactions of the tris(acetylacetonato)silicone(IV) cation (Si(acac);*) with Na*-, Mg?*-, and
Co?*-exchange forms of hectorite and montmorillonite have been investigated to understand better the
formation process of clays pillared by silicic acid. In acetone as the solvating medium, Si(acac),* binds
to the Na*- and Mg?*-clays with the desorption of only a small fraction (~5%) of the initial exchange
cation, suggesting that the complex binds as the ion pair [Si(acac);*][Cl-]. With the Co?*-clays, however,
the exchange cation is desorbed quantitatively, and Si(acac);* binding is accompanied by the formation
of an acetone-solvated CoCl, solution complex which helps to drive the ion-exchange reaction. Thus,
Co?*-smectites react with Si(acac),* in acetone to produce homoionic Si(acac),* intercalates, whercas Na*-
and Mg?>*-smectites produce mixed-ion intercalates. The interlayer hydrolysis of Si(acac);* to silicic acid
in the homoionic Si(acac);*- and mixed-ion Na*/Si(acac),*- and Mg?*/Si(acac),"-exchange forms of mont-
morillonite films is diffusion controlled. In water as the solvating medium, the reaction of Si(acac);* with
Mg+~ or Co**-montmorillonite results in the desorption of the exchange cations on a time scale which
is comparable to that observed for the solution hydrolysis of Si(acac),*. Thus, the precipitation of silicic
acid from aqueous solution competes strongly with the formation of interlayer silicic acid. With aqueous
Na*-montmorillonite dispersions, however, a significant fraction of the exchange cations desorbed rapidly
upon Si(acac),* binding, and the formation of interlayer silicic acid is favored over the precipitation of
Si(OH),.
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INTRODUCTION

Considerable interest has recently been shown in a
class of smectite intercalation compounds which con-
tain interlayer polynuclear-hydroxy cations. These so-
called “pillared” (Vaughan and Lussier, 1980) or ““cross-
linked” (Lahav et al., 1978) clays typically exhibit high
porosity and appreciable surface areas for adsorption
and possible catalysis (Lussier ef al., 1980). Because
their pore sizes can be designed to be larger than those
of conventional zeolites, they hold considerable prom-
ise for the catalytic reactions of large organic molecules

of metal complexes in clays as a means of achieving
the intercalation of hydroxy metal species which are
not known to form stable hydroxy cations in solution.
The viability of this synthetic approach was first dem-
onstrated by the successful intercalation of silicic acid
(Endo et al., 1980, 1981). Though silicon is not known
to form hydroxy cations in solution, silicic acid can
nevertheless be intercalated in smectite by the inter-
layer hydrolysis of the tris(acetylacetonato)silicon(IV)
cation henceforth abbreviated Si(acac),*, shown below:

(Shabtai er al., 1980). The general approach to the "' 0
synthesis of pillared clays has been to form the hydroxy * |
metal cations in aqueous solution prior to their ex- 0 it O‘\
change into the interlayer region of the clay. Although 0 ~ Si \O =2
this approach has been quite successful, it is limited ' l
to metal ions with favorable solution hydrolysis chem- . 0

istry (Brindley and Sempels, 1977; Lahav et al., 1978;
Brindley and Yamanaka, 1979; Yamanaka and Brind-
ley, 1979; Yamanaka et al., 1980; Vaughan and Lus-
sier, 1980).

The purpose of the present work was to examine in
greater detail the exchange reactions of Si(acac),* with
Na*-, Mg?*-, and Co?*-exchange forms of smectite un-

We have explored the interlayer hydrolysis reactions

! Present Address: Department of Agronomy, Cornell Uni-
versity, Ithaca, New York 14853.
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der aqueous and non-aqueous conditions, and to in-
vestigate the hydrolysis of the intercalated complex
cation.
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EXPERIMENTAL METHODS
Materials

Hectorite was obtained from the Baroid Division of
NL Industries, and montmorillonite was obtained from
the American Colloid Company. Homoionic Na*-,
Mg2*-, and Co?*-exchange forms of the minerals were
prepared from the <2-um fractions by equilibration
of 1 wt. % suspensions in saturated aqueous solutions
of the appropriate metal chloride salts. The clays were
freed of excess salts by dialysis and then lyophilized
(van Olphen, 1977). Analysis of ammonium acetate
extracts of the homoionic montmorillonites by flame
emission spectrophotometry (Na*-clay) or by atomic
absorption spectrophotometry (Mg?*- and Co?*-clays)
indicated the cation-exchange capacities (CEC) to be
0.84, 0.85, and 0.75 meq/g for the Na*-, Mg?*-, and
Co*-exchange forms, respectively. Oriented clay films
suitable for X-ray powder diffraction (XRD) and in-
frared (IR) studies were prepared by allowing aqueous
suspensions containing 70 mg clay/30 ml water to
evaporate under ambient conditions onto an area of
23 cm?2.

Si(acac),* was prepared as the hydrogen dichloride
anion salt by reaction of SiCl, with 2,4-pentanedione
according to the method of Riley ef al. (1963). The
prepared salt was stored under vacuum.

Adsorption measurements

In experiments involving the adsorption of Si(acac),*
by clay, approximately 250 mg of each homoionic
smectite was allowed to solvate in 500 ml of water at
4°C or in acetone at 25°C for at least 24 hr. A 50-ml
aliquot of the supernatant was removed and reserved
as an analytical blank. Known amounts of Si(acac),”
were dissolved in 500 ml of solvent and 50 ml of so-
lution was reserved for use as a reference. The re-
maining 450 ml of Si(acac);* solution was then added
to the 450 ml of clay-solvent suspension. Small ali-
quots were removed from the reaction mixture pe-
riodically and immediately analyzed. The amount of
Nat, Mg?*, and Co?* released into solution upon
Si(acac),* binding was determined by atomic absorp-
tion spectrophotometry.

Sifacac);* hydrolysis

The hydrolysis of Si(acac);* in aqueous solution was
determined spectrophotometrically. The complex cat-
ion exhibits a maximum absorption at 290 nm, where-
as free acetylacetone has a maximum at 273 nm. The
ratios of the concentration of complex present at a
given time to the concentration present initially were
determined by fitting the peak position and absorption
maximum in the 290-273-nm region using an iterative
technique.

Hydrolysis rates for Si(acac);* in oriented clay films
were obtained by observing the changes in the absor-
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Table 1. Hydrolysis of Si(acac),* in water.
Temp. (°C) k (hr-) ty, (hr) !
37 0.96 0.72 998
35 0.79 0.87 969
4 0.027 26.0 .998

! Regression coefficient for a fit of the hydrolysis data to a
pseudo first-order rate law.

bance of the 1390-cm~! IR band of the complex. The
1630-cm™~! band of adsorbed water was also monitored.
The exchange of Si(acac),* into the clay films was per-
formed in acetone to minimize solution hydrolysis.
The films were then immersed in H,O or exposed to
H,O vapor to initiate hydrolysis at 25°C. Liquid water
was allowed to evaporate from the immersed films by
placing the film in the IR source beam prior to ob-
taining the spectrum.

Physical measurements

UV-visible spectra were recorded on a Beckman DK-
2A scanning, double-beam recording spectrophotom-
eter. IR spectra were obtained on a Beckman IR7 scan-
ning, double-beam IR spectrophotometer. A Philips
X-ray diffractometer equipped with CuKea radiation
was used to determine d(001) spacings. Na*, Mg?*, and
Co?* analysis were performed with a Perkin-Elmer 503
double-beam atomic absorption spectrophotometer
equipped with a deuterium-arc background corrector.

RESULTS AND DISCUSSION
Solution hydrolysis

Si(acac);* hydrolyzes in water to give silicic acid and
free acetylacetone as illustrated in Eq. (1).

Si(acac),* + 4H,0 - Si(OH), + H* + 3H(acac) (1)

Dhar et al. (1959) found that at constant pH the hy-
drolysis rate is pseudo first-order in Si(acac);* complex.
Our results confirm the pseudo first-order reaction ki-
netics. Table 1 provides values for the pseudo first-
order rate constant (k) and reaction half-life (t,,) at 37°,
35° and 4°C. The temperature dependence of the re-
action can be explained by an Arrhenius activation
energy of ~18 kcal/mole.

Adsorption of Si(acac);*

The hydrolysis of Si(acac),* was much slower in ace-
tone than in water. In fact, the complex was sufficiently
stable in acetone to permit binding to the surface of
smectites without significant degradation to silicic acid.
Thus, the reaction of freeze-dried samples Na*-, Mg>+-,
and Co?*-montmorillonite (or hectorite) over a 48-hr
period with 2 CEC equivalents of Si(acac),* in acetone
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at an initial concentration of 4.6 X 10~* M resulted in
intercalated clays that exhibited d(001) spacings of 17
A under air-dried conditions.

It is remarkable that only small amounts (~5%) of
the exchange cations in Na*- and Mg?*-montmorillon-
ite were desorbed from the clay surface upon binding
of the silicon complex. This result suggests that
Si(acac);* binding does not occur by an ion-exchange
mechanism. Because electrical neutrality must be
maintained upon Si(acac);* binding, the complex pre-
sumably adsorbed to the clay layers by ion-pair for-
mation, as illustrated in Eq. (2), wherein the solid lines
define the intercalated species and X~ is the Cl~ coun-
terion.

+ Si(acac);* + X~

acetone

- M= + [Si(acac);*][X"]

M

@)

In marked contrast to the Na* and Mg?* systems,
the Co?*-exchanged clays quantitatively released the
exchange cation to solution upon Si(acac);* binding,
as expected for an ion-exchange mechanism. The ex-
change mechanism for the Co?*-clays appears to have
been facilitated by the formation of blue, acetone-sol-
vated CoCl,. Eventually, the blue color of the solvated
interlayer Co?* complex discharged into the solution.
Thus, Si(acac),* most likely bound initially as an ion
pair as with the Na* and Mg?* systems, but subsequent
complex formation of Co?*, ClI-, and acetone in the
interlayers led to the formation of a neutral CoClL,L,
species (L = acetone) which desorbed to solution. The
formation of the latter complex provided an additional
driving force for ion exchange. In contrast, Na* and
Mg?* did not form analogous species in acetone. The
proposed reaction sequence for the Co?*-clays is sum-
marized in Eq. (3):

Co?* + Si(acac),t + X~

% Co + [Si(acac), [X]

5 Si(acac)y + CoCl,L, 3)

The IR spectra of Si(acac);* bound to oriented film
samples of Na*- and Mg?*-montmorillonite contain
well-defined bands at 1320, 1350, 1390, 1540, and
1555 cm™!. Similar bands were observed for homoionic
Si(acac),"-montmorillonite obtained by exchange re-
action with the Co?* form of the mineral. The spectra
agree well with the spectrum reported previously by
Thompson (1969) for the complex cation.

Inasmuch as ion solvation forces in water are strong-
er than those in acetone, aqueous Si(acac);* should not
bind to clay interlayers by ion pairing with the retention
of the initial exchange cations. Thus, the reaction of
Si(acac);* with Na*-, Mg?*-, and Co?*-montmorillon-
ites was examined in water at 4°C. At this temperature
the solution hydrolysis rate (t,, = 26 hr) was sufficiently
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Figure 1. The desorption of Na*, Mg?*, and Co?* from mont-
morillonite upon reaction at 4°C with 2.0 CEC equivalents
of Si(acac),* in aqueous solution at an initial concentration
of 4.6 x 10— M.

Iow to monitor conveniently the desorption of the ex-
change cations initially present in the clay surface. Fig-
ure 1 shows the results for the desorption of Na+, Mg?+,
and Co?* from the surface of montmorillonite when 2
CEC equivalents of Si(acac);* at an initial concentra-
tion of 4.6 x 10~* M interacted with the three different
exchange forms of the mineral. Curves of similar shape
were obtained when 1.0 CEC equivalent of Si(acac),*
reacted with the clays under analogous conditions.

As can be seen from Figure 1, Mg?* and Co?* were
released very slowly from the surface of montmoril-
lonite in the presence of aqueous Si(acac);*. In fact, the
desorption of the two divalent ions occurred on a time
scale comparable to the solution hydrolysis of Si(acac),*.
After an equilibration time of 100 hr, the solution hy-
drolysis of Si(acac),* went through approximately four
reaction half-lives, yet only a fraction of the initial
Mg?*- and Co?*-exchange cations were desorbed into
solution. The desorption of the divalent cations, of
course, may have been partially caused by exchange
with H* formed in the solution hydrolysis of Si(acac);*
(cf. Eq. (1)), as well as by exchange with Si(acac);*. In
either case, the solution hydrolysis of Si(acac),* appears
to compete favorably with the ion-exchange reaction.
Consequently, more silicic acid was formed from
Si(acac),* by precipitation from aqueous solution than
was formed in the clay interlayers.

In marked contrast to Mg?*- and Co?*-montmoril-
lonite, the Na*-exchange form of the mineral rapidly
desorbed ~0.6 CEC equivalents of Na* upon reaction
of aqueous Sif(acac);*. No further Na* was released,
suggesting a slow subsequent diffusion of the complex
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into the interlayers. The rapid initial release of Na*
suggests that Si(acac),* rapidly exchanged for the
monovalent ion in the dispersed clay. Thus, Na*-mont-
morillonite was favored over the divalent exchange
forms of the mineral as a means of incorporating
Si(acac);* into the interlayer region under aqueous con-
ditions. Subsequently the interlayer Si{acac);* hydro-
lyzed to interlayer silicic acid as was previously re-
ported (Endo et al., 1980, 1981).

The tendency of aqueous Si(acac);* to replace Na*
in preference to Mg?* and Co?* on the exchange sites
of smectite may be the result of kinetic factors rather
than thermodynamic effects. Initially, the Na* clay was
fully dispersed in water with all of the basal surfaces
exposed to solution and available for ion exchange.
The collapse of the interlayers upon partial exchange
of the surface Na* ions (~0.6 CEC equivalents) caused
the clay layers to flocculate and entrap unexchanged
Na*. In contrast, the interlayers of the divalent ex-
change forms of smectite were swollen by only ~10-
12 A and access to the exchange sites was much more
restricted. Under the latter conditions solution hy-
drolysis was capable of competing with ion exchange.

Interlayer hydrolysis

Homoionic Si(acac); -montmorillonite, as obtained
by ion exchange of Si(acac);* in acetone with Co?*-
montmorillonite (cf. Eq. (3)), along with the mixed-ion
Na*/Si(acac);*- and Mg?*/Si(acac);*-forms of the min-
eral, hydrolyzed slowly at 25°C when they were exposed
to water vapor or immersed in liquid water. Hydrolysis
rates were determined from the decrease in the absor-
bance of the 1390-cm™! band of the complex. The de-
crease in the intensity of the 1390-cm~! band was ac-
companied by an increase in the 1630-cm~! band for
adsorbed water. No physically adsorbed acetylacetone
was observed during the course of the hydrolysis re-
action, suggesting that the free ligand was rapidly lost
to solution. This latter observation is consistent with
the earlier observations of Parfitt and Mortland {1968)
who found that H(acac) is readily displaced by water
in clay interlayers. Thus, the hydrolysis reaction may
be written as shown in Eq. (4):

Si(acac),* + 4H,0

- Si(OH), + H* + 3H(acac). 4)

The extent of Si(acac),* hydrolysis in oriented film
samples of homoionic Si(acac),”-montmorillonite and
mixed-ion Na*/Si(acac);"- and Mg?*/Si(acac)*-mont-
morillonite was dependent on the square root of time.
Plots of the absorbance for the 1390-cm™! band of
Si(acac),” vs. t” gave straight lines with the regression
coeflicients and relative slopes given in Table 2. The
t” dependence suggests that the hydrolysis rate was
limited by the Fickian diffusion of water into the in-
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Table 2. Regression coefficients and relative slopes for plots
of absorbance (1390 cm~!) vs. t* for the hydrolysis of inter-
calated Si(acac);*.!

Regression Relative
Exchange cations coefficients slopes
Na*/Si(acac),* 966 1.42
Mg2*/Si(acac)s* 986 1.00
Si(acac);* .997 1.43

! Hydrolysis was carried out at 25°C by immersing oriented
film samples of the clays in liquid water.

terlamellar region. Fickian diffusion has been observed
for adsorption in many types of porous solids, includ-
ing glassy polymers (Berens, 1978) and zeolites (Barrer,
1978).

The hydrolysis of Si(acac),* was approximately two
orders of magnitude slower in the intercalated state
than in homogeneous aqueous solution. Under inter-
calated conditions, the restricted interlayer environ-
ment apparently limited migration of water to the
Si(acac);* sites, and the reaction became diffusion con-
trolled. Although the d(001) spacings were initially the
same (~17 A) for the Na*/Si(acac),*-, Mg?*/Si(acac);*-,
and Si(acac);*-montmorillonites, the hydrolysis was
significantly slower for the Mg2*/Si(acac);* system, as
judged from the relative slopes in Table 2. The slower
reaction in this latter system may reflect a more con-
strained or better ordered interlayer environment rel-
ative to the mixed Na*/Si(acac);* and homoionic
Si(acac);* systems. Regardless of the differences in hy-
drolysis rates, all three exchange-cation systems exhib-
ited the same d(001) spacings upon complete hydrol-
ysis (~15.5 A), suggesting that comparable amounts
of hydrated silicic acid were incorporated into the in-
terlayer regions.

CONCLUSIONS

The results of the present study suggest that Co?*-
smectites are preferred over Na*- and Mg?*-smectites
as a means of obtaining homoionic Si(acac);*-exchange
forms of the minerals when acetone is the solvating
medium. The use of Co?* on the exchange sites and of
acetone as solvent minimizes the tendency toward in-
terlayer Si(acac);*/Cl- ion pairing by facilitating the
formation of CoCl,-acetone complexes which readily
desorb from the clay interlayers and help to drive the
ion-exchange reaction. The exchange reactions of Co**
smectites in acetone may be useful as a means of in-
tercalating halide salts of other hydrolytically sensitive
cations which tend to form ion pairs in clay interlayers
under non-aqueous solvation conditions.

The intercalated Si(acac),* in homoionic Si(acac),*-
montmorillonite and in mixed-ion Na*/Si(acac),*- and
Mg?*/Si{acac);*-montmorillonite may be converted to
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interlayer silicic acid upon hydrolysis in water. The
hydrolysis reaction is diffusion controlled, even when
Na* and Mg?* co-occupy the interlayers. When water
is the solvating medium, Si(acac);* readily displaces
Na* ions from the dispersed forms of the clay. Thus,
interlayer binding and subsequent hydrolysis of the
cation to silicic acid can be achieved with little or no
competing solution hydrolysis of the cation. The di-
valent exchange forms of the minerals, however, bind
aqueous Si(acac);* slowly and, consequently, hydrol-
ysis of Si(acac),* in solution competes strongly with
the interlayer binding of the complex cation.

Though the above conclusions are based on results
obtained under conditions of concentration and tem-
perature which permitted the necessary spectroscopic
and analytical measurements of the binding and hy-
drolysis reactions of Si(acac);*, they help to define the
optimum circumstances for synthesizing clays inter-
layered with silicic acid.
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Pesrome— Peaknuu xatnona tpu(auerunanerosato)cumukona(IV) (Si(acac),*) ¢ Nat-, Mg?*-, u Co?**-06-
MEHHBIMH (POpMaMH IeKTOPHTa ¥ MOHTMOPHJUIOHUTA HCCISAOBAIMCD IS JIy4IIero IOHUMaHUs Ipoliecca
$opMHApOBaHMS IIMH NOAIEPKHUBAHHBIX KPEMHEBOH KucIoTol. IIpn HCHONB30BaHHH ALETOHA Kak pacTBO-
putens, Si(acac),” cesasbiBaeTcs ¢ Na*- 1 Mg2*-riinHaMu, IpuYeM TOJIbKO HeGobinas JacTs (~ 5%) Hadanb-
HOTO OGMEHHOTO KATHOHA SIBIISIETCS 1eCOPOUPOBAHHOMN, yKa3bIBasl HA TO, YTO KOMILIEKC CBSI3aH B BHJE Mapa
uonoB [Si(acac);*][Cl7]. B ciyuae Co?*-riiH, onHaKO, 0OMEHHBIH KaTHOH AeCOPOUPYETCS KOJHYECT-BEHHO,
1 cBa3b Si(acac);* CONMyTCTBYeT HOPMHUPOBAHMIO PACTBOPEHHOrO aneroHoM komiutekca CoCl, B pacTBope,
KOTODBIH ITOMaraeT TeUCHHIO HOHO-00MEHHOM peakuun. PesynpraToM peakuun Co**-cCMeKTHTOB ¢ Si(acac),*
B IIPACYTCTBMH alleTOHA SBIISIOTCS OXHOPOAHbIE MHTepKamaThl Si(acac);* a peakuun Na*- u Mg?*-cmek-
THTOB— CMeIIaHO-HOHHbIE MHTEpKajaTel. MexcioiiHei ruaponus Si(acac);t Ha KPEMHEBYIO KHC-JIOTY B
onHopoaHbIx Si(acac);* 1 cMemano-noHHbIX Na*/Si(acac),*- u Mg?*/Si(acac);*-o6MmeHHbIX GopMax puILMOB
MOHTMOPHJUIOHUTA SIBIAECTCS AHQY3MOHHO KOHTPOJIMPOBAHHLIM. PesyisTaToM peakunu Si(acac),* ¢ Mg?*
unu Co?* B IPUCYTCTBHH BOABI SBJISIETCH AeCOpOLHA OGMEHHBIX KATHOHOB 10 BPEMEHHN CpaBHUMA CO Bpe-
MeHeM HaOJUOIeHHBIM JUIs ruapoimsa Si(acac);t B pacrsope. Taxum obpazom, ocaxaeHdHe KPeMHEBOH
KHCJIOTBI K3 BOTHOTO PACTBOPA KOHKYPHUPYET CHIBHO € HDOPMUPOBAHHEM MEXCIIOMHON KPEMHEBON KHCIIOTBI.
B ciydae Boxmoi gucnepcun Na*-MOHTMOPHUIOHHTR, OQUHAKO, 3HAYUTEIbHAS 4aCTh OOMEHHBIX KATHOHOB
6LICTpO necopbupyeTcs Ha cBsA3M Si(acac),”, U GOPMHUPOBaHNE MEXCIONHOM KpeMHEBOH KHCIOTHI NpeBa-
nupyeT Han ocaxaenuem Si(OH),. [E.G.]
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Resiimee — Um den BildungsprozeB3 von Tonen mit Kieselsiureeinlagerungen besser zu verstehen, wurden
die Reaktionen des Tris(acetylacetonato)silicon(IV)-Kations (Si(acac);*) mit Na*-, Mg?*-, und Co?*-aus-
getauschten Formen von Hektorit und Montmorilionit untersucht. Si(acac),* bindet sich in Aceton als
Losungsmittel an die Na*- und Mg?*-Tone unter der Desorption eines nur geringen Anteils (~5%) der
urspriinglichen Austauschkationen. Dies deutet darauf hin, daB sich der Komplex wie das Ionenpaar
[Si(acac);*][CI-] bindet. Im Fall der Co?*-Tone wird das Austauschkation jedoch quantitativ desorbiert,
und die Si(acac);"-Bindung erfolgt durch die Bildung eines Aceton-geldsten CoCl,-Losungskomplexes,
der die Ionenaustauschreaktion vorantreibt. Daher fiihrt die Reaktion von Co?*-Smektiten mit Si(acac);*
in Aceton zur Bildung von homoionischen Si(acac),*-Einschaltungen, wihrend die Reaktion mit Na*-
und Mg2*-Smektiten zur Bildung von Einlagerungen mit verschiedenen Ionen fiihrt. Die Zwischenschicht-
hydrolyse von Si(acac),* zu Kieselsidure in den homoionischen Si(acac);*- und in den gemischten Na/
Si(acac);*- und Mg?*/Si(acac),*-Austauschformen der Montmorillonitfilme wird durch Diffusion kon-
trolliert. Wenn Wasser das Losungsmittel ist, so fithrt die Reaktion von Si(acac),* mit Mg?*- oder Co?*-
Montmorilloniten zur Desorption der Austauschkationen mit einer Geschwindigkeit, die mit der ver-
gleichbar ist, die man fiir die Losungshydrolyse von Si(acac),* beobachtet hat. Daher wetteifert die
Ausfillung von Kieselsdure aus wissriger Losung mit der Bildung von Zwischenschichtkieselsiure. Im
Fall von wissrigen Na+-Montmorillonit-Suspensionen desorbiert jedoch ein beachtlicher Anteil der Aus-
tauschkationen sehr schnell gleich nach der Si(acac),*-Bindung, und die Bildung von Zwischenschicht-
kieselsidure wird im Vergleich zur Ausfillung von Si(OH), gefordert. [U.W.] .

Résumé— Les réactions du cation tris(acétylacetonato)silicon(1V) (Si(acac),*) avec des formes d’échange-
Na*, -Mg?+, et -Co?*, d’hectorite et de montmorillonite ont été investiguées pour mieux comprendre le
procédé de formation d’argiles a acide silicique a piliers. Dans I’acétone comme moyen solvant, Si(acac)s*
se lie aux argiles Na* et Mg?* avec la désorption d’une petite fraction seulement (~5%) du cation d’échange
initial, suggérant que le complexe se lic en tant que pair d’ions [Si(acac),*][Cl-]. Avec les argiles Co?*,
cependant, le cation d’échange est désorbé quantitativement, et la liaison de Si(acac);* est accompagnée
de la formation d’un complexe CoCl, en solution, solvaté dans I’acétone, qui aide & pousser la réaction
d’échange d’ions. Les smectites-Co?* réagissent ainsi avec Si(acac)** dans I’acétone pour produire des
intercalates homoioniques Si(acac),*, tandis que les smectites-Na* et Mg?* produisent des intercalates a
ions melangés. L’hydrolyse interfolaire de Si(acac);* en acide silicique dans les formes d’échange-Si(acac);*
homoionique, ¢t -Na/Si(acac);* a ions melangés, et -Mg?*/Si(acac);* de films de montmorillonite est
contrdlée par la diffusion. Dans I’eau comme moyen solvant, la réaction de Si(acac),* avec la montmo-
rillonite-Mg?* ou -Co?* résulte en la désorption des cations d’échange sur une échelle de temps qui est
comparable a celle observée pour I’hydrolyse de solution de Si(acac),*. La précipitation d’acide silicique
a partir de solution aqueuse est ainsi en forte compétition avec la formation d’acide silicique interfolaire.
Avec les dispersions aqueuses de montmorillonite-Na*, cependant, une fraction significative des cations
d’échange désorbe rapidement lors de la liaison de Si(acac);* et la formation d’acide silicique interfolaire
est favorisée par rapport a la précipitation de Si(OH),. [D.J.]
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