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 INTRODUCTION

 Lawsonite has attracted considerable interest over the last
few years both because of its importance as a marker of mod-
erate P and low T conditions in nature (Pawley 1994; Pawley
et al. 1996; Schmidt 1995) and because it exhibits phase tran-
sitions arising from interactions between hydrogen bonding and
lattice relaxations (Libowitzky and Armbruster 1995;
Libowitzky and Rossman 1996; Lager et al. 1999; Meyer et al.
2000; Sondergeld et al. 2000; Martin-Olalla et al. 2001).
Libowitzky and Armbruster (1995) reported two phase transi-
tions, one at 273 ± 5 K, and the second below 155 K. They
described the room-temperature transition in terms of the de-
velopment of co-operative hydrogen bonds. The aim of the
present powder neutron diffraction study was to address the
following questions: (1) Does the exchange of deuterium for
hydrogen change the critical temperatures and the thermody-
namic character of the transitions? (2) How do the positions of
the deuterium atoms evolve with temperature and how does
their behavior correlate with the results from X-ray structure
determinations and IR experiments? (3) Is it possible to clarify
details of the mechanism of the transition at 273 K in terms of
the contributions of proton ordering and framework displace-
ments? The data collected also allow some further analysis of
the relationships between bond lengths and vibrational frequen-
cies for hydrogen bonding.

METHODS

 The lawsonite sample is from Valley Ford, Sonoma County,
California (sample no. 120943 of the Harvard mineral collec-
tion). A sample from this batch was studied by Meyer et al.
(2000). The composition of the sample was determined by elec-
tron microprobe analysis (EMPA) on a Cameca Camebax in-
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strument, operating at 20 kV and 3 nA. Elements with concen-
trations less than 2σ were excluded from further consideration,
and consequently only Ca, Al, Fe and Si were taken into ac-
count. The average of four analyses, based on eight oxygen
atoms per atomic formula unit, is Ca 1.00, Al 1.95, Fe 0.05, Si
2.01, where the estimated uncertainties are ±0.01.

To provide a deuterated sample suitable for neutron diffrac-
tion, powdered lawsonite with an average grain size of ~77 µm
was separated using heavy liquids. Approximately 1 g of this
powder was placed in a platinum sample holder, which was
mounted in a closed, gas-tight furnace (details in Marion et al.,
in preparation). The deuteration was achieved by flowing dried
Ar gas at room temperature through a bottle of D2O and subse-
quently through the hot zone of the furnace, where the exchange
reaction took place. The experiments were performed at 425
°C at a vapor pressure of approximately 3.2 kPa. The progress
of the deuteration reaction was followed via a thermo-balance.
From static proton NMR spectroscopy experiments the sample
was 90.5 ± 2.5% deuterated.

Neutron powder diffraction data were collected using the
time-of-flight high-resolution diffractometer HRPD (Johnson
and David 1985, Ibberson et al. 1992) at the ISIS neutron spal-
lation source (Rutherford Appleton Laboratory). For the ex-
periments, 3 grams of deuterated lawsonite were packed in an
aluminum can with thin vanadium front and back windows.
This and a 100 W cartridge heater were then mounted on a
candlestick sample holder. The complete sample set-up was
subsequently quenched in liquid nitrogen before being intro-
duced into a helium cryo-furnace, where it was cooled to 2 K.
During cooling from 100 K the diffraction pattern was con-
stantly monitored for any signs of unwanted effects. None were
observed. The data sets were focused to a Bragg angle of
168.329° and normalized to the incident monitor spectrum. The
background was subtracted and the data were corrected for
detector efficiency using a diffraction pattern from vanadium.


