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ABSTRACT

The 35Cl NMR spectroscopy of Cl–-intercalated hydrotalcite and the Ca-aluminate hydrate
hydrocalumite (Friedel’s salt) demonstrates dynamical behavior of interlayer Cl–, the presence of
dynamical order-disorder phase transitions in these phases, and significant differences in the transi-
tion temperatures and temperature interval over which the transitions occur. In hydrocalumite, the
Ca,Al distribution is ordered, the interlayer water is directly coordinated to Ca in the hydroxide layer
(creating sevenfold-coordinated Ca), and the interlayer Cl– and water sites are well ordered. The 35Cl
NMR data show that the interlayer Cl– site has uniaxial or nearly uniaxial symmetry above about 0 °C
and reduced (triaxial) symmetry at lower temperatures. Differential scanning calorimetry (DSC) data
show this change to be due to a structural phase transition at about 6 °C. The NMR and XRD data
suggest that this phase transition is due to dynamical order-disorder involving a rigid interlayer atomic
arrangement at low temperatures and dynamically averaged interlayer species at high temperatures.
In contrast, in hydrotalcite Mg and Al are disordered over the octahedral sites, and the interlayer is
disordered. The 35Cl NMR data for it show poorly resolved signal indicating a range of Cl– environ-
ments and a change from triaxial to uniaxial or nearly uniaxial symmetry at Cl– occurring over a
broad temperature interval below –40 °C. DSC data for our sample shows a broad and poorly defined
endothermic anomaly in the –100 to –75 °C range. These data suggest the presence of a phase transi-
tion that occurs over a larger temperature range due to its disordered interlayer structure. The results
suggest that similar variable temperature NMR behavior previously observed for interlayer cations in
smectites can be thought of as due to comparable phase transitions that lack well-defined critical
temperatures due to the disordered interlayer structures.

INTRODUCTION

Mixed-metal layered hydroxides (MMLHs) are among the
few oxide-based materials that exhibit substantial, permanent
anion exchange capacity due to isomorphic substitution, and
hydrotalcite-like compounds have been often suggested as an-
ion exchange materials for environmental remediation (Miyata
1983; Parker et al. 1995; Wada and Masuda 1995; Pinnavaia
1995; Ulibarri et al. 1995; Amin and Jayson 1996; Hermosin
et al. 1996; Olguin et al. 1998). Ca-based MMLHs are also
important phases in Ca-silicate and Ca-aluminate cement sys-
tems, where they play an anion binding role and can also play
an important structural role (Taylor 1997). Use of the Ca-based
MMLHs for environmental applications has not been well in-
vestigated, but like hydrotalcite they may be useful. As for many

silicate-based clay minerals, the structural environments and
dynamical behavior of the interlayer species in MMLHs are
difficult to study and poorly understood, and NMR spectros-
copy is likely to be an effective probe of both (e.g., Kim et al.
1996 and references therein). For interlayer species in MMLHs,
NMR has been used only for 13CO3

–2 and 1H2O in hydrotalcite
(Marcelin et al. 1989; van der Pol et al. 1994), although many
anionic species can be observed. We report here the first 35Cl
NMR study of MMLHs, with emphasis on the contrasting be-
havior of interlayer chloride in hydrotalcite-like compounds
(known as HTs, here molar Mg/(Mg+Al) = 0.75) and the lay-
ered Ca-aluminate MMLH, hydrocalumite (also known as
Friedel’s salt; nominally Ca2Al(OH)6Cl·2H2O). Layered Ca-
aluminate hydrates are known collectively as AFm phases in
the cement science literature (after the Al,Fe,Ca-mono-sulfate
compound), and we use that term here. In nature, hydrocalumite
is a Cl–,OH– solid solution [Ca2Al(OH)6] +[(Cl)1–x(OH)x

(H2O)2+x]–, and the carbonate AFm phase and silicate AFm phase
(strätlingite) are also known (Taylor 1973; von Hentschel and
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