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Structural mechanisms of solid solution and cation ordering in augite-jadeite pyroxenes:
II. A microscopic perspective
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ABSTRACT

Infrared spectra of ordered (P2/n) and disordered (C2/c) pyroxenes belonging to the
join augite-jadeite were investigated at room temperature in the range 70–1400 cm21. The
spectra change as a function of composition and the phase transition P2/n → C2/c produces
an increase in band widths. The autocorrelation function quantified changes in line widths
due to these effects. Phonons at low frequencies are very sensitive to both changes in
composition and degree of order and are indicative of a non-ideal mixing behavior for the
C2/c solid solution. Phonons at high frequencies depend on the average composition of
the samples and not on local configurational changes related to the order-disorder transi-
tion. High degrees of local heterogeneity were suggested by the Dcorr values of the C2/c
omphacites at intermediate compositions. This effect is most evident in the low frequency
region of the spectra, corresponding to modes involving, primarily, the M cations. The
changes in frequency due to ordering, Dv, and the change in line widths d(Dcorr)100–200 for
the spectral region 100–200 cm21 and d(Dcorr)210–800 for the range 210–800 cm21 have been
used to characterize the state of local order at different compositions. The spectra yield
information related to the local structural states of augite-jadeite pyroxenes, down to a
unit-cell length scale, which may then be compared with the average structure determined
by X-ray diffraction studies of the same samples.

INTRODUCTION

Advances in the quantitative analysis of structural
phase transitions have been made using hard mode infra-
red spectroscopy (HMIRS) (Bismayer 1990; Burns et al.
1996; Harris et al. 1989; Salje et al. 1989, 1992; Salje
1992, 1994; Zhang et al. 1996). A distinctive feature of
this approach is that it permits the resolution of structural
distortions and local ordering down to an unit-cell length
scale. Small changes in frequency (Dv), line width (DG),
and intensity (DI) of phonon signals correlate closely with
the thermodynamic order parameter. The microscopic
properties of several pyroxenes belonging to the join au-
gite-jadeite are presented here and compared with the
macroscopic behavior of the same samples obtained by
X-ray diffraction study as described in part I (Boffa Bal-
laran et al. 1998). Frequency shifts and variations in line
widths were analyzed as a function of composition and
degree of order. The autocorrelation function was used as
a simple statistical tool to quantify variations of the line
widths of phonon bands, to extract information from
those parts of the spectra that are too complex for a con-
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ventional fitting procedure. We show how the resulting
data prove the sensitivity of HMIRS to cation ordering in
omphacites and provide new insights into the microscopic
mixing behavior of these minerals. A preliminary account
of the experimental results presented here has been given
by Boffa Ballaran et al. (1997).

EXPERIMENTAL METHOD

Samples are described in part I of this series. Pellets
were prepared with extreme care according to a system-
atic methodology developed in our laboratory over many
years. For different minerals, variable grinding conditions
and dilutions in CsI, polyethylene, or KBr were tested to
determine their ability to obtain reproducible spectra. For
pyroxenes ball mill grinding has been found to be too
severe, and the samples described here were therefore
ground by hand for a measured time (15 min). Identical
conditions of mixing the powdered sample and matrix to
obtain a high degree of homogeneity, and of pressing se-
quences to obtain a constant pellet thickness, were fol-
lowed. Two types of pellets for each sample were pre-
pared under vacuum and used for the different frequency
regions. Pellets of polyethylene, weighing 100 mg each
and containing 2% of sample were used for the spectral
region 70–500 cm21, whereas pellets of CsI, weighing


