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INTRODUCTION

Ammonium silicate minerals occur in reducing environ-
ments where the degradation of proteins and amino acids in
algal and other organic remains such as coal provides a means
of delivering copious quantities of ammonium into those min-
erals capable of absorbing it (Loughman et al. 1983). Smith
and Lee (1982) have proposed that environments which favor
the formation of natural ammonium minerals are those where
the de-amination of proteins is most favorable. For example,
the concentration of ammonium is apparently high within or-
ganic-rich sediments that underlie a permanent body of anoxic
water. Exceptions, of course, exist (e.g., Martin et al. 1999;
Leggo and Ledesert 2001), but naturally occurring ammonium-
bearing minerals (feldspar, mica, illite, alunite, zeolites) are
therefore found most commonly in organic-rich shales
(Gulbrandsen 1974; Juster et al. 1987; Crompton et al. 1992)
and are thus often used as fingerprints in oil exploration.
Whereas, in nature, biotite-phlogopite (tri-octahedral micas)
can contain trace amounts of NH4

+ up to around 0.1 wt%, end
member NH4-analogues of phlogopite and/or biotite have yet
to be described (Harlov et al. 2001b). In contrast, NH4-ana-
logues of K-feldspar, i.e., buddingtonite (NH4AlSi3O8; Erd et
al. 1964), and of muscovite (di-octahedral mica), i.e., tobelite
[NH4Al2AlSi3O10(OH)2; Higashi 1982], are found, generally as
the product of low-grade hydrothermal alteration of K-feld-
spar and muscovite respectively in a reducing ammonia-rich
environment.

The present study concentrates principally on the dynamic
behavior of the ammonium ion, as ND4, within the mica struc-
ture (Fig. 1), specifically tobelite. The similarity between the
size and charge of ammonium to those of K+, which it usually

replaces isomorphically, has led to its classification as a “pseudo
alkali ion.” Indeed, this similarity is underlined by the com-
mon isomorphism that exists between ammonium-bearing and
potassium- or rubidium-bearing minerals. Detailed study, how-
ever, reveals that this superficial isomorphic relationship is lim-
ited in as far as the symmetry of the ammonium ion is
concerned, especially when one takes account of its lack of
spherical symmetry, i.e., the directional properties of the bonds
from the ammonium ion to its surrounding coordination envi-
ronment (Kearley and Oxton 1983). Since it is similar in size
to the alkali ion that it generally replaces, the ammonium ion
finds itself in high co-ordination environments where only
polyfurcated hydrogen bonds may be formed, if at all.

Many ammonium halides and other ammonium-bearing
compounds are characterized by several solid-state phase tran-
sitions, which have been associated with rearrangements in
hydrogen bonding (Kearley and Oxton 1983). Pauling (1930)
suggested the possibility of a transition from free rotation, or
tumbling, of the ammonium ion to oscillatory motion on cool-
ing. Pauling (1930) suggested that the equilibrium position is
defined by a steep minimum in the potential energy and the
barrier between minima in orientation space is greater than kT,
then the molecule will tend to oscillate about this equilibrium.
If, however, the minimum is shallow, the kinetic energy will
be sufficient enough to induce non-uniform rotation. Frenkel
(1935) however, has pointed out that such transformations are
order-disorder transitions in the orientations. If the material
undergoes an order-disorder transition, then the important en-
ergetic quantity is not the kinetic energy, but the correlated
energy for ordering

A free ammonium ion has Td point group symmetry. This
may be related to four modes of internal vibration: n1 (A1): the
symmetric N-H stretch; n2 (E): the symmetric H-N-H defor-
mation; n3 (T2): an anti-symmetric N-H stretch; n4 (T2): an anti-
symmetric H-N-H deformation. External modes are usually* E-mail: mm329@cam.ac.uk
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ABSTRACT

Orientational order-disorder behavior of NH4
+ is a well-established phenomenon in certain

ammonium halides and ammonium salts. Anticipating similar behavior of ammonium in the
interlayer site of tobelite, synthetic ND4/NH4 tobelite has been studied by infrared spectroscopy
from room temperature down to 20 K. Both ND4 and NH4 are found to occupy the interlayer site in
this mica structure. The spectra show noticeable changes on cooling. Autocorrelation analysis
reveals distinct changes in the line width of the central autocorrelation peak. This is attributed to
the transition of the ND4

+ group from an orientationally disordered state at higher temperatures to
a relatively ordered state below a critical temperature of 140 K. The order parameter for the
transition follows classical second-order behavior as a function of temperature.


